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Even  for  small  Amperex  tubes,  extraordinary 
processing  temperatures  are  specified  by  our 
engineers.  To  achieve  these,  we  employ  high 
frequency  induction  heating  with  high 
power  woter  cooled  tube  generators.  This 
"'Amperextra**  drives  the  ocluded  gases  from 
the  tube  elements,  after  which  they  are  pumped 
out  in  an  operation  for  which  specific  and  unique 
equipment  was  devised  in  our  own  tool  shop. 
A  better  Ampefex  tube  is  the  result ...  as 
substantiated  by  operating  economy  and  an 
increased  number  of  working  hours  per  tube. 


TRODl 

It9inn 


EDIT 

Opw* 

Mc6ri 

MC«| 

elect 

•iMtE 


AMPEREX  ELECTRONIC  CORPORATION 


79  WASHINGTON  STREET  BROOKLYN  1,  N.Y. 

EXPORT  DIVISION;  13  EAST  40th  STREET,  NEW  YORK  16,  N.Y..  CABLES;  “ARLAB' 


4 


f 


electronics 


AUGUST  .  1944 


SLYSTRON  .  Cover 

Sperry  glats-lathe  worker  manipulates  410-R  tube  in  production.  Colored  pipes  supply  various  needed  gasses 

[ECHNICAL  plan  for  post-war  television . ; . . t92 

A  review  of  RTPB-proposed  frequency  allocation  and  standards 


[rmy  airways  communications  system .  . . . . ^  98 

Army  Air  Force  effiliate  facilitates  militery  flying  and  points  the  wey  for  post-war  air  travel 

I£CTR0NIC  communication  for  trains,  by  Waiiam  S.  Halstead . ? .  102 

Discussion  of  radio,  rail-carrier  and  induction  systems 

YNCHRONIZED  oscillators  as  F-M  receiver  limiters,  by  C.  S.  Carnahan  and  Henry  Kolmus. .  108 

Tlteory  and  advantages  of  synchronized  oscillators  for  use  in  f-m  receivers 

ARRIER  COMMUNICATION  TO  CRANE  CABS,  by  M.  L.  Snedeker .  .  112 

Speciel  equipment  provides  flexible,  centralized  control  in  industrial  plants 


SH  TALK  . . . . .  115 

Sounds  made  by  fish  are  picked  up  by  an  underwater  microphone  for  viewing  with  c-r  oscilloscope 

l-VOLT  OPERATION  OF  RECEIVING  TUBES,  by  C.  Hammond.  E.  Kohler  and  W.  Lottin .  116 

Problems  encountered  when  using  aircraft  battery  as  B-supply,  with  operating  recommendations  and  performance  data 

HYSTAL  TESTING  TECHNIQUES,  by  L  A.  Elbl .  120 

Daily  production  and  acceptance  test  routine  of  a  crystal  finishing  laboratory 

rnCIENCY  OF  INDUCTION  HEATING  COILS,  by  George  H.' Brown . .  .  124 

Mathematical  analysis  of  heat-producing  action,  with  graphs  showing  various  factors  affecting  efficiency 


OMMENTS  ON  HIGH  FIDELITY,  by  O.  B.  Hanson .  .  . 1 .  130 

Technical;  economic  and  human  considerations  in  designing  post-war  high-fidelity  audio  systems 

STRODUenON  TO  TRANSIENTS— PART  I., . . . .  132 

Beginning  of  a  serialized  elementery  treatment  of  non-sinusoidal  and  transient  wave  forms 

l' NETWORKS  AS  COUPLED  TANK  CIRCUITS.  ^  Frederic  D.  Schottlond .  140 

Design  procedure  for  matching  r-f  output  stage  of  trensmitter  to  antenna  without  an  output  transformer 


KilTH  HINNIY.  fdrfor;  W.  W.  MacDonald.  Monegiag  Mtor;  loveHy  Dudley. 

Editor;  John  Markus,  Atsoefofe  Editor;  Auhtoot  Cdffore— Vin  Zeluff, 
Frank  tfaylock,  J.  M.  Heron  and  M.  L  Mattey;  9.  T.  Montgomery,  Wa$hiogton 
Editor;  Donald  G.  Rnk  foa  /eevej;  Harry  Phillips,  Art  Director 

N.  W.  MATIIR,  Publidior;  J.  E.  Blackburn,  Jr..  Director  of  Cirev/otioa.  f/ectronics; 
Wallace  I.  Hood,  Mowoger 

DISTRICT  MANAGiRS.  D.  H.  Miller,  H.  R.  Donmead,  Jr.,  New  York;  R.  H. 
Rynn,  New  fng/ond;  F.  P.  Coyle,  P4i/o(fe/pAio;  C.  D.  Wardner,  A.  F.  Tischer, 
Chicago;  E.  J.  Smith,  C/evofoad 
Contents  Copyright,  1944,  by  McGrew-Hill  febllsliing  Company,  Inc. 

McGRAW-HILL  PUBLISHING  COMPANY,  INCORPORATED 

JAMCS  N.  MefiMAW,  Founder  and  Honorary  Chairman 
PUILICATION  OFFICE  99-139  NorNt  Iroedway.  Albany.  I.  N.  Y..  U.  S.  A. 
EDITORIAL  AND  EXECUTIVE  OFFICES  330  Watt  42nd  St..  New  York,  It,  N.  Y.,  U.  S.  A. 

Jamat  H.  McOraw,  Jr..  Presidant;  Howard  Ehrlich,  Enecutive  Vice  President  ter  luslnatt 
Operations;  John  Abbink,  Eiecatlve  Vice  President  ter  Editorial  Operations;  Curtit  W. 
McOraw,  Vice  President  and  Treasurer;  Joseph  A.  Oerardl,  Secretary.  Cable  address: 
MCORAW-HILL,  New  York.  Mambw  A.  1.  P.  Idember  A.  I.  C. 

ELECTRONICS,  Aoemt  1944.  Vel.  17:  Ne.  t.  PeMIslied  meethly.  ptlee  Me  a  eapy.  Jane  Olraetery 
.  iMue  Sl.Wi  anew  at  least  tan  days  tor  ehaaee  at  address.  All  eaai«aaleatians  abeot  lokssrlptlent 


kskscrMlaa  ratae— Ualtsd  Statas  and  aeseeaslant,  Mexiaa.  Central  and  Saoth  Awertean  eoentrias. 

U.M  a  year.  9S.M  far  two  years.  $lf.W  far  three  years.  Canada  (Canadian  (ends  nseseted)  U-M 
s  year,  St.W  far  two  years,  $11. 49  far  three  yawre.  Greet  Britala  aad  BrttWi  peaaaaeiane.  39  shlNinet 
hr  ene  year,  n  ehUHaet  far  three  yaart.  All  athar  eeuntriee.  $9.90  ter  aae  year.  $12.99  far  three 
wars.  Entered  ae  Beeend  Claee  aialtar  ASaect  29,  1936.  at  Pact  Ofiae.  Alheay.  New  Yarfc.  ender  the 
iff.  of  Mareh  S,  IS79.  BNANCH  OFFICES:  $20  Nerth  Miehiaan  Aveaae,  Chioeee  II,  IN;  00  Pest 
S^t,  San  Fraaelsee  4;  Aidwyah  Hanee.  Aliipeh.  Landen.  W.cr2;  WashiMtea.  D.  C.  4:  PhHadai- 
Ms  2;  Cleveland  10:  DetratTF:  St.  Laela  9;  Batten  19;  Atlanta  3.  Ga.:  921  Sa.  Haea  St.,  Lac 
Aattict  14s  738-9  Oliver  Buildlnt.  nttshergh  22. 


DEPARTMENTS 


A  McGRAW-HILL 


ILL^jH  PUILICATION 


CroMteuk 


Industrial  Control  .  146 

Tubou  at  Work . .  174 

Electron  Art  .  214 

Nows  of  the  Industry .  276 

Now  Products  .  344 


Now  Books 


Index  to  Advertisers . 413 


McGRAW-HIU  PtTBUSinNG  COMPAITT, 

330  Weal  42nd  Streel,  Haw  York  IS,  N.  Y. 

Dir  odor  of  Circulotioa:  * 

Plooao  chongo  my  oddroaa  on  Qodronics 


war  apparatus  raquir*  componants  of  maxi* 
mum  dopondability.  Tho  unit  illustrdtod  is  a  typical  powor  transformtr  for 
cathode  ray  application.  In  addition  to  the  tapped  primary,  this  unit  providts 
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For  hermetic  sealing  this  unit  employs  an  all  metal  enclosure  .  .  .  glou 
’seal  terminals  .  .  .  sealing  compound  which  neither  cracks  nor  flows  from 
-55*C  ta'-f  130’C.^ 
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The  National  Debt- 

and  Your  Postwar  Job 


Coming  upon  the  heels  of  a  ruinous  ten- 
icar  depression,  this  war  has  once  more  made 
t  clear  to  us  that  the  strength  of  our  country 
depends  upon  our  ability  and  willingness  to 
)roduce.  Until  the  world  conflict  eclipsed 
he  depression,  we  saw  what  failure  to  use 
)ur  productive  capacity  can  do  —  even  to  a 
x)untry  potentially  as  rich  as  ours. 

The  stark  reality  of  war  finally  shocked  us 
)ut  of  our  economic  lethargy.  Tbe  necessity 
)f  supplying  our  Armed  Forces  with  almost 
inlimited  quantities  of  goods  unleashed  our 
nventive  genius  and  revealed  to  us  our  real 
:apacity  to  produce.  It  indicated  what  our 
itandard  of  living  might  be  if,  in  time  of 
)eace,  we  used  our  full  productive  capacity. 
Today  we  are  producing  more,  than  all 
he  other  nations  combined,  half  again  as 
nuch  as  in  1940.  Today  our  production  is 
nsuring  victory  to  our  fighting  men. 

But  what  of  the  future? 

Already  our  national  debt  has  reached 
istronomical  proportions,  and  it  is  going 
ligher.  The  depression  years'  fear  of  insecur- 
h  that  all  but  paralyzed  our  spirit  of  enter- 
)rise,  our  inventive  genius,  and  our  natural 
nstinct  for  expansion,  appears  likely  to  re- 
urn  promptly  if  industrial  activity  again  is 
•f  urtailed  for  long  because  of  unwise  public 
•*  )olicies. 

This  war  is  being  fought  to  make  men 


the  problem  created  by  our  frightening  pub¬ 
lic  debt. 

This  is  a  two  hundred  billion  dollar  war. 
It  affects  the  lives  of  every  one  of  us.  At  the 
end  of  this  war,  the  public  debt  of  the 
United  States  will  be  at  least  ten  times  the 
twenty-five  billion  dollars  that  it  was  at  the 
end  of  the  first  World  War.  It  will  be  almost 
twice  the  present  annual  national  income  of 
the  country.  The  interest  charge  alone  will 
be  about  4  per  cent  of  the  national  income. 
If  the  burden  were  spread  evenly,  interest 
alone  would  take  at  least  $80.00  of  every 
worker's  income  per  year,  or  approximately 
$1.60  out  of  each  and  every  weekly  pay 
check. 

Some  people  fear  that  the  heavy  taxes  re¬ 
quired  by  the  debt  will  keep  the  country 
poor  by  obstructing  employment  and  limit¬ 
ing  the  output  of  goods. 

Others  believe  that  the  size  of  the  debt 
does  not  matter  because  we  owe  it  to  our¬ 
selves.  They  reason  that  if  A  is  taxed  $100 
to  pay  $100  interest  to  B,  A  has  $100  less 
to  spend  and  B  has  $100  more,  but  both 
together  have  the  same  amount.  They,  there¬ 
fore,  hold  that  the  demand  for  goods  and  the 
volume  of  employment  remain  unchanged. 

WTiich  view  is  correct? 

Is  our  huge  debt  bound  to  be  a  crushing 
burden  which  limits  employment  and  low- 


rcc.  But  our  economy  cannot  be  kept  free 
hrough  military  conquest  alone.  There  is 
other  responsibility  which  we  on  the 
[lome  front  cannot  avoid  any  more  than  we 
an  build  walls  around  our  future.  That  is 


ers  the  nation's  standard  of  living,  or  will 
it  simply  redistribute  income?  May  the  pub¬ 
lic  debt  under  certain  conditions  even  be 
used  to  help  increase  employment  and  raise 
our  living  standards? 


Most  people,  rich  and  poor  alike,  find  it 
difficult  to  believe  that  the  national  debt 
‘^just  doesn't  matter”.  They  know  ffiat  the 
interest  alone  on  this  huge  debt  will  be 
almost  equal  to  the  total  amount  of  taxes  ever 
raised  before  by  the  government  for  all  pur¬ 
poses  in  any  peacetime  year.  They  find  it 
difficult  to  follow  the  kind  of  reasoning  that 
suggests  increasing  the  already  mammoth 
debt  year  by  year  in  order  to  maintain  full 
production  and  employment.  They  fail  to 
see  how  this  "^debt  raising”  can  go  on  indefi¬ 
nitely. 

,  On  the  other  hand,  the  records  show  that 
other  nations  have  more  than  once  success¬ 
fully  managed  even  greater  debt  burdens 
than  will  confront  the  United  States  after 
the  present  war.  The  interest  on  the  British 
debt  after  the  Napoleonic  Wars  was  nearly 
8  per  cent  of  the  national  income,  and  after 
the  first  World  War  was  over  7  per  cent.  But 
despite  heavy  taxes  and  some  unfortunate 
mistakes  in  economic  policy  (such  as  restor¬ 
ing  the  prewar  pound),  per  capita  real  in¬ 
come  in  Great  Britain  rose  about  31  per 
cent  between  1920  and  1929.  In  fact,  it  rose 
as  rapidly  as  it  did  in  the  United  States.  The 
world  depression  was  far  less  severe  in 
Britain  than  it  was  in  the  United  States;  and, 
by  1936,  when  industrial  production  still  was 
6  per  cent  below  1929  in  the  United  States,  it 
was  nearly  16  per  cent  above  1929  in  Britain. 
Britain's  heavy  debt  burden  proved  less  of  a 
handicap  to  her  during  the  depression  than 
our  weak  banking  system  did  to  us. 

Whether  the  debt  becomes  a  crushing 
burden  or  whether  we  use  it  to  further  our 
progress  depends  upon  who  holds  the  debt 
and  how  the  money  is  raised  to  pay  the  in¬ 
terest. 

Here  are  the  important  possibilities: 


prospects  for  profit  seem  certain  and  the  prospects  fd 
loss  are  slim.  Hence  the  jobs  that  might  ^  created  t 


1.  If  the  expenses  of  the  government,  including  the  inter¬ 
est  on  the  debt,  are  me^  largely  by  heavy  taxes  upon  busi¬ 
ness  profits  —  i.e.,  by  taxes  upon  job-giving— tnen  they 


ness  profits  —  i.e.,  by  taxes  upon  job-giving— then  they 
will  reduce  employment,  output,  and  our  standard  of 
living,  r^rdlcss  of  who  holds  the  debt.  Heavy  taxes  on 
profits  prevent  enterprise  from  expanding  current  opera¬ 
tions  or  enlarging  the  capacity  of  its  plants,  unless  the 


loss  are  slim.  Hence  the  jobs  that  might  be  created  ti 
take  advantage  of  long  chances  will  not  come  into  exist 
cnce,  and  the  country  as  a  whole  will  be  poorer. 

2.  If  the  expenses  of  the  government  are  met  largely  by  stl( 
surtaxes  upon  the  incomes  of  persons  who  do  a  considci 
able  amount  of  saN-ing,  and  the  debt  is,  in  tlie  luair 
owned  by  millions  of  small  investors,  then  the  net  effee 
of  the  debt  upon  the  volume  of  employment  and  outpu 
will  be  fairly  neutral.  The  stiff  surtaxes,  while  reducin 
the  savings  of  the  well-to-do,  will  cause  them  to  avoii 
risky  investments  and  to  hold  part  of  the  savings  of  cac 
year  in  the  form  of  cash.  This  will  limit  the  demand  fo 
goods  and  the  volume  of  employment.  But  this  effee 
will  be  partially  offset  if  millions  of  small  holders  of  tli 
debt  are  led  by  their  savings  in  government  bonds  t 
spend  a  larger  part  of  their  current  income. 

3.  If  the  expenses  of  the  government  are  met  largely  b 
sales  taxes  or  other  taxes  on  small  incomes,  and  ir  th 
debt  is  held  largely  by  the  well-to-do  or  by  business  co! 
porations,  then  the  effect  of  the  debt  will  be  unfavorabl 
to  employment  and  production.  The  limitation  to  tli 
spending  power  of  the  small-income  group  will  rcduc 
me  volume  of  investment  opportunities,  and  the  transfe 
of  income  to  the  well-to^lo  will  increase  the  volume  o 
investment-seeking  funds. 

4.  If  the  debt  is  widely  distributed  among  millions  of  sma] 
holders,  and  the  expenses  of  the  government  are  me 
largely  by  taxes  on  individuals,  if  substantial  exemption 
from  su^xes  are  given  for  all  income  invested  in  nc\ 

f)lant  or  equipment,  and  if  there  are  liberal  offsets  fo 
osses,  then  the  debt  will  h^  increase  employment  an( 
raise  ^e  standard  of  living.  Ine  millions  of  small  holder 
will  gain  a  sense  of  security  from  their  accumulated  sa\ 
ings  and  hence  be  encouraged  to  ^nd  a  larger  portioi 
of  their  current  incomes.  The  stiff  surtaxes  will  rcduc 
the  savings  of  the  well-to-do;  liberal  exemptions  for  in 
come  put  into  new  plant  and  equipment,  and  generou 
treatment  of  losses,  will  cause  the  well-to-do  to  inves 
their  savings  in  job-giving  enterprise  rather  than  to  hob 
them  in  idle  cash. 
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But  what  is  the  situation  today? 

Today,  non-banking  corporations  owi 
nearly  half  of  the  Federal  debt,  commercia 
banks  about  one-fourth,  and  individuals  Ics; 
than  one-fourth.  Not  more,  and  probabK 
less,  than  one-tenth  of  the  debt  is  held  b\ 
persons  earning  less  than  $5,000— althougl 
these  persons  receive  three-fourths  of  al 
income. 

Today,  about  half  of  the  revenues  of  the 
Federal  government  come  largely  from  taxes 
which  must  be  regarded  as  taxes  upon 
the  creation  of  new  jobs.  If  these  con 
ditions  continue,  we  may  be  sure  that  the 
debt  will  be  a  disastrous  obstacle  to  a  rising 
standard  of  living  after  the  war. 

What  can  be  done  to  change  this  situa 
tion? 


3r 


To  begin  with,  vigorous  steps  should  be 
taken  to  get  much  more  of  the  debt  into  the 
hands  of  individuals,  particularly  of  those  in 
the  small-income  group.  During  the  last 
three  years,  the  incomes  of  individuals,  after 
taxes,  have  exceeded  the  supply  of  consumer 
goods  by  $74.2  billion.  In  other  words,  in¬ 
dividuals  have  been  compelled,  by  the  sheer 
scarcity  of  goods,  to  save  over  $74  billion. 
Of  this  amount,  only  $27.4  billion,  or  37 
cents  out  of  every  dollar,  has  gone  into  gov¬ 
ernment  bonds.  Indeed,  individuals  have 

1  saved  more  in  the  form  of  cash  and  bank 
deposits  than  in  the  form  of  government 
bonds.  The  sale  of  war  bonds  to  individuals 
w^s  most  disappointing  in  the  recent  drive. 

It  was  so  disappointing,  in  fact,  that  I  would 
favor  a  special  drive  /or  individuals  only, 
to  be  scheduled  before  the  next  general 
drive.  During  1944,  when  the  supplies  of 
civilian  goods  are  severely  restricted  and 
when  the  fighting  is  at  its  climax,  the  Treasury 
w  ill  have  its  best  opportunity  to  persuade  in¬ 
dividuals  to  buy  more  bonds.  This  opportun- 
\W  should  not  be  lost.  An  increase  of  at  least 
nty-five  billion  should  be  the  goal  for  the 
next  year.  Every  citizen  should  be  made  to 
nderstand  that  by  buying  war  bonds  now, 
is  not  only  helping  to  win  the  war;  he  is 
helping  to  make  possible  a  more  prosperous 
nd  stable  America  after  the  war. 

The  efforts  to  sell  bonds  to  individuals 
should  be  vigorously  continued  throughout 
ihe  shift  from  war  production  to  civilian  pro- 
iction.  During  this  period,  corporations 
hich,  up  to  now,  have  been  the  largest 
huNuis  of  government  bonds,  will  need  all 
iheir  depreciation  allowances  and  undistrib- 
I'lcd  profits  to  pay  for  new  equipment,  and 
to  restore  their  own  dealers'  inventories.  The 
overnment,  however,  will  still  have  large 
hills  to  settle  and  will  need  to  sell  as  many 
lids  as  it  can  for  some  months  after  the 
liu  of  hostilities.  During  this  period,  the 
4inand  for  most  types  of  goods  is  likely  to 
^cccd  the  immediate  produetive  capacity 


of  industry.  Hence,  the  sale  of  bonds  by  the 
government  will  make  for  eeonomic  stability. 

The  huge  expenses,  including  interest  on 
the  debt,  which  the  government  must  meet 
after  the  war,  require  that  the  tax  system  be 
drastically  reformed.  Today,  taxes  fall  most 
heavily  upon  those  incomes  whieh  are  the 
reward  for  increasing  production  and  em¬ 
ployment,  because  profits  are  taxed  first  as 
corporate  profits,  and  taxed  again  as  divi¬ 
dends  to  owners  of  the  corporation.  Surtaxes 
are  so  stiff  and  offsets  for  losses  so  meager 
that  the  well-to-do  capitalists  cannot  afford 
to  encourage  and  help  promising  young  busi¬ 
nessmen  to  start  new  enterprises. 

A  nation  whose  expenses  are  as  large  as 
those  of  the  United  States  will  be  after  the 
war  must  be  sure  that  its  tax  system  provides 
incentives,  not  penalties,  for  increasing  pro¬ 
duction  and  employment. 

Should  the  debt  be  repaid?  Some  people 
fear  that  any  reduction  of  the  debt  would 
have  a  deflationarx^  effect  and  cause  unem¬ 
ployment.  An  opposite  view  was  expressed 
by  Mr.  Morgen  than  recently:  '‘We  have  a 
big  public  debt  that  must  be  paid  off,  and 
the  quicker  we  do  that  the  better."  Both  of 
these  views  are  extreme.  Repayment  of  part 
of  the  debt  during  a  period  of  depression 
would  increase  unemployment.  Every  period 
of  high  prosperity,  however,  would  give  the 
government  an  opportunity  to  pay  off  part 
of  the  debt  without  limiting  employment. 
During  these  periods  of  prosperity,  business 
corporations  will  sell  government  bonds  in 
order  to  buy  equipment;  and  many  indh  idu- 
als  will  redeem  war  savings  bonds  in  order 
to  purchase  houses,  automobiles,  and  other 
goods.  If  the  government  budget  runs  a  sur¬ 
plus  during  periods  of  high  prosperity,  and 
if  this  surplus  is  used  to  retire  some  of  the 
bonds  sold  by  corporations  or  redeemed  by 
individuals,  the  country  will  be  protected 
against  a  disorderly  and  speculative  rise  in 
prices.  Thus,  reduction  of  the  debt  can  be 
made  a  device  for  stabilizing  our  economy. 


There  are  two  other  reasons  why  reduc¬ 
tion  of  the  debt  will  be  desirable. 

In  the  first  place,  it  will  help  prepare  the 
country  financially  for  a  possible  third 
World  War.  Determined  as  we  are  that  this 
war  shall  be  the  last  one,  common  sense 
tells  us  not  to  count  on  this.  At  any  rate,  we 
must  be  prepared  for  any  eventuality. 

In  the  second  place,  gradual  reduction  of 
the  debt  would  stimulate  employment  by 
creating  the  expectation  of  lower  taxes.  It  is 
not  generally  appreciated  how  much  the 
willingness  of  individuals  and  business  con¬ 
cerns  to  spend  money  is  affected  by  the  pros¬ 
pects  of  higher  or  lower  taxes.  One  of  the 
best  ways  to  make  individuals  and  enter¬ 
prises  spend  more  freely  is  to  convince  them 
that  taxes  will  become  a  little  lower,  year  by 
vear. 

Many  people  have  difficulty  in  visualizing 
the  day  when  there  will  be  a  substantial  re¬ 
duction  in  the  burden  of  the  national  debt. 
And  yet,  if  the  country  pursues  wise  eco¬ 
nomic  policies,  there  is  no  reason  why  the 
debt  burden  should  not  be  cut  in  half  dur¬ 
ing  the  next  generation. 

The  days  of  technological  progress  and 
economic  expansion  are  not  over.  They  are, 
in  fact,  only  well  begun.  During  the  Twen¬ 
ties,  the  national  income  in  dollars  of  con¬ 
stant  purchasing  power  increased  by  well 
over  50  per  cent.  Between  1929  and  1939, 
it  increased  by  less  than  6  per  cent.  Perhaps 
the  rate  of  the  Twenties  cannot  be  main¬ 
tained  indefinitely;  but  scientific  research 
and  development  work  in  industry  are  laying 
the  foundation  for  very  large  advances  in 
national  income.  Suppose  that  the  national 
income  increases  33  per  cent  in  the  first  dec¬ 
ade  after  fighting  stops  (say,  hopefully,  1945), 
25  per  cent  in  the  next  decade,  and  there¬ 
after  at  the  rate  of  20  per  cent  a  decade.  In 
1955,  the  national  income  (at  present  prices) 
would  be  about  $173  billion;  in  1965,  about 
$216  billion;  and  in  1975,  about  $257  bil¬ 
lion.  By  1970,  the  burden  of  the  debt  would 


be  reduced  by  nearly  half,  even  if  not  a  cen 
of  it  were  repaid! 

A  huge  public  debt  is  a  test  of  the  char¬ 
acter,  the  common  sense,  the  foresight,  and 
the  equally  important  technical  and  engi- 
neering  skill  of  a  nation.  It  requires  that 
tens  of  millions  of  small  income 
earners  be  willing  to  become  sub 
stantial  holders  of  the  debt  It  re¬ 
quires  that  the  nation  be  willing  io 
tax  itself  heavily,  but  in  ways  which 
increase  the  attractiveness  of  job 
giving  or  self-employment  relative  to 
job-holding;  it  requires  that  the  na¬ 
tion  be  willing  to  pursue  policies  a 
expansion  and  to  put  ;a  rising  incomej 
for  the  nation  ahead  of  the  pleas  o 
self-seeking  groups  in  labor,  agii 
culture,  and  industry. 

A  huge  debt  may  so  draw  out  the  hiddc 
powers  of  a  people  that  it  makes  the  natio 
wealthier  rather  than  poorer,  stronger  rathei 
than  weaker. 

Up  to  now,  Americans  have  not  met 
test  of  a  big  public  debt  too  well.  Individual! 
have  saved  more  in  cash  than  in  governme 
bonds,  and  the  country  has  shown  little  in 
terest  in  avoiding  the  kind  of  taxes  that  i 
duce  the  demand  for  labor.  These  sho 
comings,  I  am  sure,  stem  largely  from  tli| 
fact  that  the  American  people  never  ha 
had  the  problems  of  debt  and  taxation  hon 
estly  and  adequately  explained  to  them. 

I  have  confidence  in  the  American  peop 
I  believe  that  Americans  have  the  intell 
gence  to  understand  this  problem  of  th 
public  debt,  the  character  to  face  their 
sponsibility  regarding  it,  and  the  commoj 
sense  to  accept  the  challenge  and  make  tb 
most  of  it. 


President,  McGraw-Hill  Publishing  Company,  1 
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►  PRIDE  ...  At  the  close  of  the  New  York  Phil¬ 
harmonic  concert  on  June  25,  the  United  States  Rub¬ 
ber  (Company  stated  over  the  CBS  network  that  “there 
could  be  no  rubber  industry  without  chemists.”  This 
was  a  very  fine  acknowledgment  from  one  of  Amer¬ 
ica's  large  industrial  concerns  that  its  business  was 
dependent  upon  its  technicians.  It  is  a  fact,  of 
course,  but  it  is  no  more  true  of  the  rubber  industry 
than  it  is  true  of  the  radio  industry.  Yet — has  there 
ever  been  a  member  of  the  radio  industry  who  had 
the  grace  to  make  a  similar  public  statement? 

For  some  reason  the  role  played  by  radio  engineers 
has  never  been  played  up ;  never  glamorized ;  seldom 
acknowledged.  In  fact  large  elements  of  the  radio 
receiver  business  have  felt  that  its  engineers  were 
necessary  evils,  payroll  names  to  be  unloaded  in  bad 
times  when  company  policies  and  company  politics 
got  in  a  turmoil. 

Radio  engineers  today  are  in  a  different  situation. 
Their  work  is  properly  assayed  by  the  war  agencies 
which  make  such  good  use  of  them;  engineers  are  in 
great  demand;  they  have  a  big  share  in  big  things. 
Their  ego  must  have  improved.  It  is  difficult  to  esti¬ 
mate  too  highly,  however,  the  betterment  of  the  aver- 
|age  radio  man’s  morale  if  the  radio  companies  sud¬ 
denly  realized  the  fact  that  “there  could  be  no  radio 
industry  without  engineers”  and  began  to  tell  that 
fact  to  the  public;  began,  in  truth,  to  take  some  pride 
in  their  technicians. 

►.4MATEURS  ...  In  spite  of  the  fact  that  every¬ 
one  admits  the  value  of  the  radio  amateur  in  time  of 
peace  or  war,  disquieting  rumors  get  about  that  he  is 
to  be  liquidated. 

This  seems  highly  undesirable  from  every  stand¬ 
point.  As  he  has  demonstrated  time  and  again,  the 
amateur  is  an  essential  element  of  the  radio  Indus¬ 
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try,  an  essential  part  of  our  national  life.  This  is  not 
true,  alone,  because  he  pounds  brass  and  can  help 
out  in  time  of  distress;  nor  is  it  true  because  he 
builds  radio  apparatus  and,  therefore,  is  an  engineer; 
nor  is  it  true,  alone,  because  he  is  a  member  of  the 
amateur  game  where  he  has  learned  the  value  of  a 
high  £sprit  de  corps.  The  amateur  is  all  of  these — 
he  knows  his  equipment,  he  can  build  it  and  maintain 
it  in  operation;  he  has  enough  theory,  and  lots  of 
practical  experience  and  knowledge. 

Within  the  past  few  months,  the  Editor  of  Elec¬ 
tronics  has  had  his  hands  full  of  a  high-priority  job 
for  one  of  the  armed  services.  Many  men  have  been 
hired.  It  is  only  fair  to  state,  right  now,  that  the  best 
men  on  his  staff  are  those  who  have  had  amateur  ex¬ 
perience.  This  testimony  is  available  anytime,  any¬ 
where  that  it  may  be  useful  in  keeping  the  amateur  in 
radio  after  the  war.  - 

►  FUN  .  .  .  Within  the  last  year  much  has  been 
made  of  the  electronic  method  of  flowing  tin  on  tin¬ 
plate.  The  plate  is  first  coated  with  tin  in  an  electro¬ 
plating  process;  then  by  induction  heating,  the  tin  is 
flowed  so  that  it  goes  into  all  the  little  crevasses  of  the 
material  coated.  Very  nifty  system.  Now  comes  one 
Craig  Walsh,  ex-Associate  Editor  of  Electronics,  and 
states  that  he  has  a  much  simpler  process.  He  simply 
boils  the  coated  plate  in  Crisco! 

OPA  cracked  down  on  the  black  market  in  radio  sets 
in  New  York  City  recently.  Seems  the  boys  were  buy¬ 
ing  up  junk  parts,  old  auto  sets,  components,  etc., 
putting  them  together  for  a  few  dollars,  selling  the 
assembly  for  many  dollars  more  than  the  ceiling  price 
for  sets  of  similar  numbers  of  tubes  etc.,  permitted. 
Sounds  just  like  the  good  old  pre-war  days! 

MD.,  DD.,  LLD  .  .  .  Mairzie-Doates,  Dozy-Doates, 
Little-Lamsie-Divy. 


Technical  Plan 
For  POST-WAR 


The  Television  Panel  of  the  Radio  Technical  Planning 
Board,  in  its  latest  report,  suggests  a  vast  new  empire  for 
television,  including  26  commercial  channels  from  50  to 
246  Me,  with  relaying  and  experimental  channels  extend¬ 
ing  above  10,000  Me 
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ON  June  2,  1944,  the  Television 
Panel  of  the  Radio  Technical 
Planning  Board  approved  unani¬ 
mously  a  report  outlining  stand¬ 
ards  of  transmission  and  fre¬ 
quency  allocations  for  a  nationvnde 
television  service.  This  report,  the 
blueprint  for  post-war  expansion  of 
the  video  art,  is  now  being  reviewed 
by  the  RTPB  and  will  be  placed  be¬ 
fore  the  Federal  Communications 
Commission  for  action. 

Since  the  report  represents  the 


unanimous  opinion  of  the  leading 
technical  figures  in  the  television 
field,  it  is  believed  that  the  recom¬ 
mendations  will  be  adopted  without 
major  changes.  The  following  sum¬ 
mary  and  interpretation  have  been 
prepared  by  the  editors  from  the 
records  of  the  Television  Panel  and 
its  six  Committees.** 

The  Television  Panel,  the  first 
RTPB  Panel  to  complete  its  work, 
stems  from  the  National  Television 
System  Committee,  which  drew  up 


1  TAILE  1- POSSIBLE  ALLOCATIONS  IF  M  CHANNELS  ARE  I 

USED  IN  THE  BOSTON  TO  WASHINGTON  AREA 

Not 

Yet 

No.  CP’t  Ap- 

Present  Rc-  plied 

Madcet 

Channels 

Stations 

quested 

For 

Total 

New  York  City 

1,2,  4\  6,  8,11, 
12,  14,  16,  18, 
20,  22 

3 

2 

7 

12 

Philadelphia 

3,7,9,13,15,17, 
19,  21,  23 

1 

2 

6 

9 

Boston 

1,  2,  4,  6,  8,  11, 
12, 14, 16, 18 

0 

0 

10 

10 

Washinston,  D.  C. 

1,  2,  4,  6,  11,  12, 
14, 16 

1 

2 

5 

8 

Baltimore 

8, 1 8,  20,  22 

0 

0 

4 

4 

Providence 

10, 19,  21 

0 

0 

3 

3 

Hartford 

5,9,15 

0 

0 

3 

3 

Schenectady,  Albany, 

3,  7, 13, 17 

1 

0 

3 

4 

1  Troy  1 

Scranton,  Wilkes-Barre 

10,  26 

0 

0 

2 

2 

Sprinsfield,  Holyoke 

24 

0 

0 

1 

1 

New  Haven 

25 

0 

0 

1 

1 

Worcester 

23,  25 

0 

0 

2 

2 

Allentown,  Bethlehem, 

24,  25  . 

0 

0 

2 

2 

1  Easton  1 

1  Lowell,  Lawrence 

25 

0 

0 

1 

1  1 

1  Syracuse 

4,  6,14 

0 

0 

3 

3 

Nolst  Thb  tabsIstioB  b  only  one  of  SMsy  poitibis  allocation  plant.  Ckannab  could  be 
awl  sand  onywlwfa  la  Ika  son  awl  ttss  of  Ika  dailsaalad  nwilcoL 
*  Fraqsaacy  dnasa  of  asbiiafl  baatwMot. 

the  television  standards  now  offi¬ 
cially  sanctioned  by  the  FCC.  The 
Panel  has  substantially  reaffirmed 
the  NTSC  television  standards  and 
has  gone  on  to  consider  the  fre¬ 
quency  allocation  problem. 

Proposed  Froqooocy  Allocatloo* 

;t 

The  recommendations  for  fre¬ 
quency  assignunents  constitute  the 
most  radical  proposal  of  the  RTPB 
Panel  report.  Allocations  are  pro¬ 
posed  for  commercial  channels  in 
the  region  from  60  to  246  Me,  for 
relaying  (network  and  outside 
pick-up  connections)  in  the  region 
from  162  to  3000  Me,  and  for  ex¬ 
perimentation  in  the  region  from 
600  to  above  10,000  Me. 

The  channel  width  proposed  for 
commercial  broadcasting  remaini 
at  its  present  value,  6  Me.  For  re¬ 
laying,  channels  of  10-Mc  and  20- 
Mc  widths  are  proposed,  and  for  ex¬ 
perimentation,  channels  of  20-Mc 
width. 

The  proposed  allocation  for  com- 


•*  Tbe  members  of  the  RTPB  Tele 
rlsion  Panel  -  are :  D.  B.  Smith  (PhUoe) 
chairman;  I.  J.  Kaar  (OM),  Tice  ehalrmao; 
George  Town  (Stromherg  CurUon),  secre 
tary ;  G.  L.  Beers  i^ROA  Victor) ;  P.  J. 
Bingley  (PMlcu) ;  B.  Ray  Cummings  (Parse 
tcorth)  ;  A.  B.  DuMont  {DnUont  Lmht)\ 
O.  B.  Hanson  (PBC) :  J.  O.  Reid  (Crosley); 
Peter  Goldmark  {OBBy:  M.  L.  Levy  (Bmtr 
son);  A.  F.  Hurray  (Hughet  Produottons), 
C.  A.  Priest  {OB) ;  R.  H.  Hanson  {Strom- 
berg  Carlton) ;  J.  E.  Brown  {Zenith):  D. 

G.  Fink  {Electronict) H.  R.  Lubeke  (Dos 
Lee)  :  W.  A.  MacDonald  {Hazeltine) ;  T.  B 
Grenier  (Metropolitan  Television)  C.  B 
Nobles  {Westinghouie) ;  Jean  Brand  (ttef 
theon)  i  P.  J.  Larsen  (BMPE)  :  R.  J.  Rock¬ 
well  (Oroelep- WLW) ;  D.  A.  Quarles  (Bell 
Labs):  J.  R.  Poppele  {Bamberger-WOR); 

H.  O.  Boyle  (N.  1.  Philips)  :  N.  P.  Can 
(Hamilton);  H.  8.  Frasier  (NAB);  E.  Lsbli 
(Federal) ;  and  W.  Auerbacker  {Rath 
television  Institute),  In  addition,  18  alter 
nates  and  21  observers  were  attached  t« 
the  Panel,  but  did  not  vote.  The  six  eoa- 
mlttees  of  the  Panel  had  60  additional 
members  and  alternates. 
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FIG.  1 — ^Th*  propoMd  frvqiMBcy  olloeotton  ior  coinm«rcicd  in  thn  lower  bar  and  proTiding  18  channols.  Indlridual  itation 
tetovlnlon  broadcasting  is  shown  in  Iho  nppor  bor  proTiding  bandwidths  ora  tho  somo  in  each  caso.  8  Me.  Inlaying  chan- 
26  channols.  os  controstod  with  tho  prosont  allocation  shown  nols  and  oxporimontal  chonnols  oro  not  shown  horo 


erclal  broadcasting  is  shown  in 
Ig.  1.  The  present  allocation 
i  lower  bar  in  the  figrure)  consists 
f  18  six-megacycle  channels  from 
0  to  294  Me.  The  proposed  alloca- 
on  (upper  bar)  suggests  the  addi- 
of  8  six-megacycle  channels, 
aWing  26  channels  in  all,  extend- 
g  from  60  to  246  Me.  According 
this  proposal,  television  would 
rupy  about  80  percent  of  the 
w:o  from  60  to  246  Me.  Gaps  are 
feft  for  the  present  amateur  bands 
Ind  for  aviation,  government,  and 
ollaneous  services. 

The  justification  for  this  large 
mount  of  ether  space  is  found  in 
tl  e  requirements  for  a  national  al- 
Ion  of  television  service.  The 
irst  30  metropolitan  markets,  de- 
by  the  U.  S.  Department  of 
riirro  rco  and  roughly  spotted  in 
if.  2,  are  used  as  the  basis  of  the 
tnul’s  plan.  The  most  critical  re¬ 
gion  from  the  allocation  stand- 
int  is  the  eastern  seaboard  from 
I  s  ton  to  Washington,  within 
which  nine  of  the  thirty  markets 
e  located.  Figure  3  shows  a  pos- 
liblo  allocation  of  one  station  to 
‘  ti  of  these  nine  markets,  using 
ir  channels.  The  interference 
i^idius  is  shown  as  170  miles. 

To  provide  more  than  one  station 


per  city,  and  to  offer  service  in 
smaller  cities  in  the  same  region,  a 
large  number  of  additional  chan¬ 
nels  are  required.  Table  I  shows  a 
possible  allocation  of  the  26  pro¬ 
posed  channels  to  the  eastern  sea¬ 
board  which  would  allow  12  stations 
in  New  York,  10  stations  in  Boston, 
nine  stations  in  Philadelphia  and 
eight  stations  in  Washington  (the 
primary  markets) .  The  table  shows 
a  total  of  65  stations  in  15  market 
areas.  (The  same  allocation  plan 
would  provide  12  stations  in  (Chi¬ 
cago,  nine  in  Detroit,  eight  in  Pitts¬ 
burgh,  seven  in  Cleveland,  and  a 
smaller  number  in  the  nearby 
smaller  communities.) 

This  is  television  service  on  a 
scale  not  thought  of  before  the  war. 
In  view  of  the  present  level  of  pro¬ 
duction  and  employment  in  the  in¬ 
dustry,  supplying  the  equipment 
for  such  a  system  should  prove  easy, 
provided  only  that  the  public  is 
willing  to  pay  for  it.  Public  accep¬ 
tance  depends  not  only  on  the  tech¬ 
nical  excellence  and  availability  of 
service,  but  also  on  the  quality  and 
quantity  of  program  material. 

Relaying  and  Expnrlmnntal  Channels 

The  cost  of  television  program¬ 
ming  is  such  that  network  connec¬ 


tions  are  considered  essential,  so 
that  several  stations  may  share  the 
cost. 

To  prepare  for  relaying  require¬ 
ments,  as  well  as  to  permit  studio- 
to-transmitter  service  and  outside 
pick-up,  the  RTPB  Panel  has  pro¬ 
posed  allocations  for  commercial 
television  relay  service.  The  chan¬ 
nels  are  classified  in  three  groups: 
Group  B,  consisting  of  a  number 
of  12-Mc  channels  from  162  to  294 
Me  (which  will  eventually  be  dis¬ 
placed  by  assignments  to  television 
broadcasting) ;  Group  C  consisting 
of  twenty  10-Mc  channels  in  a  con¬ 
tinuous  band  somewhere  between 
the  limits  300  and  1000  Me;  and 
Group  D  consisting  of  twenty  20- 
Mc  channels  in  a  continuous  band 
somewhere  between  the  limits  1000 
and  3000  Me.  Proposed  assign¬ 
ments  for  relaying  constitute  600 
Me  in  all,  or  about  22  percent  of  the 
space  between '300  and  3000  Me. 
The  remaining  78  percent  is  more 
than  sufficient  to  take  care  of  other 
needs,  including  post-war  radar 
and  similar  wideband  services. 

The  final  allocation  proposal  has 
to  do  with  experimental  stations. 
The  Panel  is  on  record  to  the  effect 
that  an  improved  system  of  televi¬ 
sion  should  be  investigated  by  ex- 
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perimentation.  To  provide  for  such 
experimental  work,  it  was  recom¬ 
mended  that  30  channels,  each 
20-Mc  wide,  should  be  assigned  in  a 
continuous  band  between  600  and 
2000  Me.  Although  it  is  recom¬ 
mended  by  the  Panel  that  no  stand¬ 
ards  for  use  in  such  channels  be 
set  up  at  present,  calculation  shows 
that  a  20-Mc  channel  (maximum 
video  sideband  18.25  Me)  is  cap¬ 
able  of  accommodating  a  picture  of 
1100  lines,  possessing  detail  com¬ 
parable  to  professional  35-mm  mo¬ 
tion  pictures. 

The  experimental  stations  to 
some  extent  may  occupy  the  same 
channels  as  relay  stations.  Allow¬ 
ing  50  percent  duplication,  the  allo¬ 
cation  of  experimental  facilities 
adds  300  Me  of  space  to  the  previ¬ 
ously  mentioned  600-Mc  require¬ 
ment  for  relaying  and  lifts  the  total 
requirement  for  television  space  to 
33  percent  in  the  region  from  300 
to  3000  Me. 


Additional  allocations  for  ex¬ 
perimentation  are  suggested  in  the 
region  above  3000  Me,  including  a 
continuous  band  of  sixty  20-Mc 
channels  in  the  region  from  3000 
to  10,000  Me,  and  an  unspecified 


CHoinnci  I 


number  of  20-Mc  channels  above 
10,000  Me.  The  channels  above 
3000  Me  are  desired  primarily 
for  experimentation  with  tele¬ 
vision  relaying,  rather  than  for 
experimental  broadcasting.  Here 


Channel  S 


FIG.  3 — The  moat  critical  region,  from  a  teleriaion  allocation  atandpoint  ia  the 
eostern  aeoboard  from  Boaton  to  Waahington.  within  which  nine  of  the  30  moior 
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FIG.  2 — ^Baels  of  the  STPB  Teleeiaion  Panel's  plan  is  the  as¬ 
signment  of  channels  to  stations  In  the  first  30  metropolitan 
nuxrkets.  as  defined  by  file  U.  S.  Department  of  Commerce. 
Markets  roughly  spotted  on  the  mop  include:  (1)  New  York; 
(3)  Chicogo;  (3)  Los  Angeles;-  (4)  Philadelphia;  (5)  Boston; 
(6)  Detroit;  (7)  San  Francisco:  (8)  Pittsburgh;  (9)  Clerelond; 


(10)  St  Louis;  (11)  MnneopoUs;  (12)  Washington;  (13)  Balti- 
morej  (14)  Buffalo;  (15)  Milwaukee;  (18)  Cincinnati;  (17)  Kan¬ 
sas  City;  (18)  ProTidence;  (18)  Seattle:  (20)  Hartford;  (21) 
Houston;  (22)  Portland;  (23)  Albany;  (24)  Indianapolis;  (25) 
Atlonto;  (28)  Denrer;  (27)  DaUas;  (28)  Rochester;  (29)  Colum¬ 
bus;  (30)  Scranton 
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again  the  requirements  for  space 
are  firreat,  but  the  percentage  of  the 
available  space  is  not  excessive. 

RTFt  Proposed  Tolovisloo  Stoadords 

The  RTPB  Panel  has  reviewed 
the  standards  governing  commer¬ 
cial  television  broadcasting  (NTSC- 
FCC  standards)  and  has  reaffirmed 
most  of  them.  Two  basic  changes 
have  been  made.  The  alternative 
use  of  frequency  modulation  for  the 
picture  and  synchronizing  signals 
has  been  eliminated,  and  the  spe¬ 
cifications  for  frequency  modula¬ 
tion  of  the  associated  sound  signal 
have  been  modified.  In  all  other  re¬ 
spects,  including  the  scanning  spe¬ 
cifications,  the  RTPB  recommenda¬ 
tions  coincide  with  the  existing 
standards. 

The  complete  list  of  standards  is 
given  in  Table  II.  The  explanation 
of  each  standard  has  appeared  prev¬ 
iously  in  an  Electbonics  report 
(February  1941,  p.  17)  on  the 
NTSC  proceedings.  They  have  also 
been  described  in  detail  in  the  book 
‘Television  Standards  and  Prac¬ 
tice”  (McGraw-Hill,  New  York, 
1943).  In  the  interest  of  complete¬ 
ness  in  this  report,  a  brief  discus¬ 
sion  of  the  standards  is  presented. 

The  first  four  standards  have  to 
do  with  the  6-Mc  television  channel, 
shown  in  Fig.  4.  These  standards 
are  identical  in  all  respects  to  the 
NTSC-FCC  values.  The  6-Mc  chan¬ 
nel  permits  vestigial  sideband  pic¬ 
ture  transmission  with  a  maximum 
video  sideband  of  about  4.25  Me. 
The  sound  carrier  is  spaced  4.5  Me 
from  the  picture  carrier,  rather 


TABLE  II -PROPOSED  STANDARDS 

(1)  The  width  of  the  sUnderd  television  broadcast  channel  shall  be  6  Me. 

(2)  It  shall  be  standard  to  locate  the  visual  carrier  4.5  Me  lower  in  frequency 
than  the  unmodulated  aural  carrier. 

(3)  It  shall  be  standard  to  locate  the  unmodulated  aural  carrier  0.25  Me 
lower  than  the  upper  frequency  limit  of  the  channel. 

(4)  The  standard  visual  transmission  amplitude  characteristic  shall  be  that 
shown  in  appended  Drawing  I  (Fig.  4) 

(5)  The  standard  number  of  scanning  lines  per  frame  period  shall  be  525, 
interlaced  two-to-one. 

(6)  The  standard  frame  frequency  shall  be  30  per  second  and  the  standard 
field  frequency  shall  be  60  per  second. 

(7)  The  standard  aspect  ratio  of  the  transmitted  television  picture  shall  be  4 
units  horizontally  to  3  units  vertically. 

(8)  It  shall  be  standard,  during  active  scanning  intervals,  to  scan  left  to 
right  horizontally  and  from  top  to  bottom  vertically,  at  uniform  velocities. 

(9)  It  shall  be  standard  in  television  broadcasting  transmission  to  modulate 
a  carrier  within  a  single  television  channel  for  both  picture  and  synchronizing 
signals,  the  two  signals  comprising  different  modulation  ranges  in  amplitude. 

(10)  It  shall  be  standard  that  a  decrease  in  initial  light  intensity  cause  an 
increase  in  radiated  power. 

(11)  It  shall  be  standard  that  the  black  level  be  represented  by  a  definite 
carrier  level,  independent  of  light  and  shade  in  the  picture. 

(12)  It  shall  be  standard  to  transmit  the  black  level  at  75  percent  (with 
a  tolerance  of  plus  or  minus  2.5  percent)  of  the  peak  carrier  amplitude. 

(13)  It  shall  be  standard  to  use  frequency  modulation  for  the  television 
aural  transmission,  with  a  maximum  frequency  swing  of  25  kc. 

(1 4)  It  shall  be  standard  to  pre-emphasize  the  aural  transmission  in  accord¬ 
ance  with  the  impedance-frequency  characteristic  of  a  series  inductance- 
resistance  network  having  a  time  constant  of  50  microseconds. 

(15)  It  shall  be  standard  in  television  broadcast  transmission  to  radiate  a 
signal  in  conformity  with  the  appended  drawing  "Television  Synchronizing 
Waveform,"  Committee  2,  Panel  6,  RTPB,  March  1 5, 1944  (Fig.  5),  as  modified 
by  vestigial  sideband  operation  as  specified  in  Drawing  I  of  the  FCC  "Standards 
of  Good  Engineering  Practice,"  dated  April  30, 1941. 

(16)  The  time  interval  between  the  leading  edges  of  successive  horizontal 
pulses  shall  vary  less  than  one  half  of  one  percent  of  the  average  interval. 

(17)  It  shall  be  standard  in  television  transmission  that  the  rate-of-change 
of  the  frequency  of  recurrence  of  the  leading  edges  of  the  horizontal  syn¬ 
chronizing  signals  be  not  greater  than  0.1 5  percent  per  second,  the  frequency 
to  be  determined  by  an  averaging  process  carried  out  over  a  period  of  not 
less  than  20,  nor  more  than  1 00  lines,  such  lines  not  to  include  any  portion 
of  the  vertical  blanking  signal. 

(1 8)  It  shall  be  standard  to  rate  the  visual  transmitter  in  terms  of  its  peak  power 
when  transmitting  a  standard  television  signal. 

(19)  Modulation  of  the  visual  transmitter,  the  radio-frequency  signal  ampli¬ 
tude  shall  be  1 5  percent  or  less  of  the  peak  amplitude,  for  maximum  white. 

(20)  It  shall  be  standard  to  employ  an  unmodulated  radiated  carrier  power 
of  the  aural  transmission  not  less  than  100  percent  nor  more  than  150  percent 
of  the  peak  radiated  power  of  the  picture  transmission. 

(21)  It  shall  be  standard  in  television  broadcasting  to  radiate  signals  having 
horizontal  polarization. 


than  1.25  Me  (which  would  be  pos¬ 
sible  if  the  sound  carrier  were 
moved  from  the  right  edge  of  the 
diagram  to  the  left  edge)  because 
the  effect  of  cross-modulation  be¬ 
tween  carriers  is  not  noticeable 
with  the  wide  spacing  and  would  be 
visible  with  the  narrower  spacing. 

The  next  four  standards,  on 
scanning  specifications,  are  also 
identical  with  the  NTSOFCC  val¬ 
ues.  The  picture  scanning  figures 
reifiain  at  525  lines,  30  frames  per 
second,  interlaced  two-to-one.  It 
was  the  concensus  of  C!ommittee  S 
of  the  Panel,  which  investigated  the 
matter,  that  these  values  repre¬ 
sented  the  best  values  with  which  to 
employ  the  full  capabilities  of  the 
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4.26  Me  video  sideband  previously 
mentioned. 

¥Me«  Net  PereiHte4 

Standard  number  9,  relating  to 
the  type  of  modulation  to  be  used  in 
transmitting  the  picture,  has  been 
changed  to  permit  amplitude  modu¬ 
lation  only.  The  NTSC-FCC  ver¬ 
sion  of  this  standard  permitted  the 
use  of  either  amplitude  or  fre¬ 
quency  modulation  for  picture  and 
sjmehronizing  signals.  Experience 
has  shown,  since  the  NTSC  investi¬ 
gation,  that  frequency  modulation 
has  serious  limitations  in  broad¬ 
casting  the  picture,  due  to  the  ef¬ 
fects  of  multipath  transmission. 

When  multipath  effects  are  pres¬ 
ent,  the  direct  wave  and  a  wave  re¬ 
flected  from  a  structure  off  the  di¬ 
rect  path  tend  to  cancel  or  reinforce 
each  other  by  wave  interference, 
depending  on  the  relative  phases  of 
the  signals.  When  frequency  modu¬ 
lation  is  employed,  the  arrival  of 
one  value  of  the  carrier  frequency 
may  be  delayed  in  the  reflected  path 
just  enough  to  interfere  with  (and 
possibly  cancel)  the  same  value  of 
the  carrier  frequency  transmitted 
by  the  direct  path.  The  effect  is 
particularly  pronounced  when  fre-' 
quency  modulation  is  used  for  the 
sync  signals,  since  the  maximum 
and  minimum  amplitudes  of  the 
sync  correspond  to  two  discrete  car¬ 
rier  frequency  values.  Demon¬ 
strations  showed  that  multipath 
transmission  may  result  in  total 
loss  of  the  sync  signal  when  f-m  is 
used,  whereas  no  such  serious  ef¬ 
fect  occurs  when  a-m  is  used. 

The  effect  of  multipath  transmis¬ 
sion  is  also  serious  in  the  picture  it¬ 
self.  In  this  case,  the  effect  of  mul¬ 
tipath  transmission  is  to  produce  a 


FIG.  4 — Id*aliMd  picture  transmitBion  om- 
pUtnd*  choracteristic.  The  relatir*  Held 
■trength  outside  the  picture  side  bonds  (at 
o)  Is  not  to  exceed  0.0005.  Details  are  dis¬ 
cussed  in  the  text 


beat-note  pattern  which  has  no  evi¬ 
dent  relationship  to  the  picture 
content  and  flickers  over  the  screen 
in  a  distracting  fashion.  The  same 
multipath  conditions,  when  a-m  is 
employed,  produce  a  ghost  image 
displaced  from  the  true  image  but 
similar  to  it  in  form.  Such  a-m 
ghosts,  while  troublesome,  are  much 
less  annoying  than  the  f-m  ghosts. 
Hence  it  was  concluded  by  Com¬ 
mittee  2  of  the  Panel,  which  studied 
the  matter,  that  frequency  modula¬ 
tion  was  impractical  for  picture 
broadcasting.  (It  should  be  noted, 
however,  that  f-m  is  highly  suitable 
for  relay  picture  transmissions, 
where  the  use  of  directive  trans¬ 
mitting  and  receiving  antennas 
eliminates  the  effect  of  reflected  sig¬ 
nals.) 

The  next  three  standards,  relat¬ 
ing  to  the  polarity  of  transmission, 
d-c  transmission,  and  the  percent¬ 
age  of  carrier  amplitude  devoted  to 
sync  signals,  are  identical  with  the 
NTSC-FCC  standards.  Here  again 
Committee  2  agreed  that  these 
methods  of  transmission  repre¬ 
sented  the  best  practice  known  to 
the  art,  and  should  be  preserved 
for  post-war  use.  The  numerical 
values  stated  in  the  standards  are 
illustrated  in  the  sync-signal  wave¬ 
form,  shown  in  Fig.  6. 

Audio  Stmdards  Substautlally  Cbangod 

The  next  standards,  numbered  13 
and  14,  relate  to  the  transmission 
of  the  associated  sound  signal. 
Strangely  enough  it  is  only  in  these 
standards,  which  do  not  relate  to 
the  television  problem  proper,  that 
any  substantial  changes  appear. 
The  NTSC-FCC  standards  specify 
frequency  modulation  with  a  maxi¬ 
mum  deviation  of  plus  or  minus  75 
kc,  and  frequency  pre-emphasis  in 
accordance  with  a  100-microsecond 
time  constant.  The  RTPB  Panel 
standards  specify  frequency  modu¬ 
lation  with  maximum  deviation  of 
plus  or  minus  25  kc.  and  pre-em¬ 
phasis  according  to  a  60-micro¬ 
second  time  constant.  The  most 
important  change  relates  to  the 
frequency  deviation,  which  rep¬ 
resents  a  lowering  of  the  signal-to- 
noise  ratio  by  a  factor  of  three  in 
voltage  (9.6  db). 

The  minutes  of  Committee  3,  to 
which  this  matter  was  referred, 
show  that  considerable  discussion 
centered  on  this  question.  The 


NTSC  had  standardized  on  a  devia. 
tion  of  75  kc  with  the  tacit  under¬ 
standing  that  only  the  Group  A 
channels  (up  to  108  Me)  would  be 
available  for  broadcasting  in  the 
initial  stages.  The  RTPB,  as  shewn 
earlier  in  this  report,  was  faced  by 
the  definite  prospect  of  using  chan¬ 
nels  as  high  as  250  Me.  Between 
100  Me  and  250  Me  there  has  been 
found  to  exist  a  dividing  line  above 
which  the  frequency  drift  of  the 
receiver  local  oscillator  becomes  a 
serious  factor.  It  has  been  appreci¬ 
ated  for  some  time  that  frequency- 
modulated  sound  transmission  re¬ 
quires  more  precise  tuning  than  am¬ 
plitude-modulated  signals,  because 
the  wider  spectrum  of  the  f-m 
transmission  occupies  fully  the 
bandwidth  allotted  to  it  in  the  re¬ 
ceiver  and  because  full  noise  sup¬ 
pression  is  obtained  only  when  the 
f-m  signal  is  centered  on  the  dis¬ 
criminator  characteristic.  Thus  the 
receiver  drift  problem  operates 
against  proper  reception  of  f-m 
sound  signals  on  the  channels  above 
100  Me. 

Two  proposals  were  offered  to 
solve  the  problem.  One  was  to  re¬ 
vert  to  amplitude  modulation  for 
the  sound  channel,  while  retaining 
the  receiver  bandwidth  at  the  200- 
kc  value.  This  would  permit  the  re¬ 
ceiver  oscillator  to  drift  plus  or 
minus  80  kc  (about  0.08  percent  at 
250  Me)  without  affecting  the 
strength  or  quality  of  the  sound 
transmission.  The  other  alterna¬ 
tive  was  to  reduce  the  deviation  of 
the  f-m  transmission,  but  likewise 
retain  the  full  bandwidth  at  200  kc. 
The  26-kc  deviation  permits  the  re¬ 
ceiver  oscillator  to  drift  about  60 
kc  (0.02  percent  at  260  Me)  before 
serious  difficulties  with  the  quality 
of  the  reproduction  ensue.  If  76-kc 
deviation  were  used,  the  allowable 
drift  in  a  200-kc  bandwidth  is  only 
10  kc  (0.004  percent).  The  mem¬ 
bers  of  Committee  3  stated  that 
present  best  practice  in  the  control 
of  250-Mc  oscillators  would  not  as¬ 
sure  drift  less  than  0.02  percent, 
unless  crystal  control  were  used, 
and  this  was  deemed  uneconomical 
for  domestic  equipment,  especially 
in  view  of  the  large  number  of 
channels  to  be  covered.  (Conse¬ 
quently  it  was  deemed  inadvisable 
to  retain  the  76-kc  deviation  and 
25-kc  was  substituted  for  it. 

Another  problem  encountered  in 
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diated  power.  The  RTPB  Panel 
recommendation  is  that  the  sound- 
radiated  power  be  increased  to  a 
value  from  100  to  150  percent  of  the 
picture  power.  This  amounts  to 
maximum  increase  of  3  times  in 
power  (about  3  db),  which  compen¬ 
sates  partly  for  the  9-db  loss  due  to 
lowered  deviation.  It  was  believed 
that  the  noise-reduction  inherent  in 
f-m  transmission  was  sufficient  to 
take  care  of  the  6  db  difference  in 
all  parts  of  the  service  area. 

Syne  Sigaal  Waveform 

The  next  three  standards  (15,  16 
and  17)  specify  the  synchronizing 
signal  waveform  and  certain  toler¬ 
ances.  The  only  change  here  is  an¬ 
other  elimination  of  an  alternative. 

The  NTSC-FCC  standards  spec¬ 
ify  the  serrated  vertical  synchroniz¬ 
ing  waveform  of  Fig.  5,  but  they 
also  permit  an  alternative  form,  the 
so-called  500-kc  vertical  sync.  The 
deliberations  of  Committee  2  re¬ 
volved  about  the  relative  merits  of 
the  two  systems.  It  was  brought  out 
that  the  resonant  band-pass  circuit 
used  to  separate  the  vertical  pulses 
in  the  500-kc  signal  have  twice  the 
band-width  of  the  low-pass  inte¬ 
grating  circuit  used  with  the  ser¬ 
rated  pulses  of  Fig.  6,  and  that  the 
noise  accepted  by  the  former  circuit 
might  therefore  be  greater,  depend¬ 
ing  on  the  noise  spectrum  actually 
present.  But  the  principal  factor 
favoring  the  serrated  pulse  was  the 
fact  that  it  offered  excellent  per¬ 
formance  when  used  with  a  newly 
developed  a-f-c  vertical  sync  circuit, 
which  so  improves  the  general  per¬ 
formance  of  the  synchronization 
system  as  to  provide  solid  syn¬ 
chronization  even  when  the  signal 
strength  is  so  low  that  the  picture 
is  barely  recognizable.  In  posses¬ 
sion  of  such  a  satisfactory  solution 
of  the  sync  problem,  the  Committee 
voted  to  eliminate  the  alternative 
form  of  sync  pulse  in  the  interest 
of  simplification  of  the  standards. 

The  synchronization  waveform 
shown  m  Fig.  5  is  identical  in  all 
numerical  values  and  shapes  to  the 
standard  NTSC-FCC  waveform. 
Minor  corrections  and  additions  to 
the  dimensions  have  been  incorpor¬ 
ated  in  the  interest  of  greater  pre¬ 
cision  and  to  clarify  the  meaning  of 
the  specifications.  The  tolerance 
standards  16  and  17  were  set  up  by 

(Covtiniied  on  page  164) 


€«piatizing  Eiftta/ixing 

puts*  pulse  pulse 
inferya!  in-hryetl  ittfeiyal  p-yj 

Hi  '""cfiHf- 


Max.  carrier 
voltage  — 
^ack  level  — 


—(f) /WX 


(a)3H-4^)3H-4-iol3HV4 
hWMtg  1- 


Mtrte  level 


Pkture  — •(  bhnkegOOSY*^^ (SeeHahSa^ 


'Mor.  blanking -ASr~-  Bottom  of 

I  pkture 


Horizontal  dimensions  not  to  scale  m  1,2  and  Z 


yto  of  max.  blanking-' 


it,)a004 

max. 


'■^\s)0004H 
4  max. 

^  of" 

I  max.  sync. 

1  .  I'Jfo  of 
11/ /"**■*• 


T‘  T 

|i 

— -¥■ 

}  V^Egoabzirtg  ! 
pulse 


'Vertical 
sync,  pulse 


'\U/ffioof 

max.  sync. 

\^r)a07H  taoiH* 


Black  I 
level — 

H  H 
SeeNateB  !• 


De+oiil  Between 
5-5  in  3 


Detail  Between  4-4 in  2 


FIG.  5 — Recommended  television  synchronizing  waveiorm 

Notes:  (1)  H  equaln  time  from  start  of  one  line  to  start  of  next  line;  (2) 
F  equals  time  from  start  of  one  field  to  start  of  next  field;  (3)  Leading  and 
trailing  edges  of  vertical  blanking  should  be  complete  in  less  than  0.1  H;  (4) 
Leading  and  trailing  slopes  of  norisontal  blanking  must  be  steep  enough  to 
preserve  minimum  and  maximum  values  of  («  +  y)  under  all  conditions  of 
picture  content;  (*5)  Dimensions  marked  with  an  asterisk  Indicate  that  toler¬ 
ances  given  are  i^rmitted  only  for  long  time  variations,  and  not  for  successive 
cycles ;  (6)  Equalizing  pulse  area  shall  be  between  0.45  and  0.5  of  the  area  of  a 
horizontal  sync  pulse. 


f-m  transmission  is  the  audio  dis¬ 
tortion  which  can  be  produced  when 
multipath  effects  are  present.  Such 
distortion  arises  from  the  cancella¬ 
tion  of  two  components  of  the  ear¬ 
lier  signal,  one  arriving  directly. 


teristic  introduces  somewhat  ex¬ 
cessive  peaking  of  the  high  fre¬ 
quencies,  causing  the  studio  oper¬ 
ator  to  ride  gain  at  a  low  value  to 
avoid  overmodulation  on  high-fre¬ 
quency  peaks.  It  was  believed  that 
the  lower  value  of  50  microseconds 
would  permit  the  studio  gain  con¬ 
trol  to  be  set  safely  at  a  higher 
tn  may  occur,  value,  and  thus  obtain  more  efficient 
thoroughly  dis-  use  of  the  sound  transmitter, 
e  3.  This  effect  Standard  number  20,  which 
of  small  impor-  states  the  relative  power  of  the  pic- 
h  the  receiver-  ture  and  sound  transmission,  was 
changed  to  take  into  account,  in 
the  time  con-  part,  the  reduced  deviation  in  the 
)0-microseconds  sound  transmission.  The  NTSC- 
n  the  advice  of  FCC  standard  specifies  that  the 
who  indicated  sound  radiated  power  shall  be  from 
second  charac-  50  to  100  percent  of  the  picture  ra- 
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Army  Airways 


Army  Air  Force  affiliate  provides  point-to-point  service,  weather  information,  aero¬ 
nautical  navigational  aids  and  coordination  at  various  landing  fields  in  domestic  and 
foreign  theaters,  facilitating  military  flying  and  pointing  the  way  for  post-war  develop¬ 
ment  of  international  air  travel 


for  administration  are  level-headed 
aviation  or  communications  men 
who  know  what  field  conditions  are 
beause  they  have  fiown  planes  and 
operated  communication  systems. 
Some  have  extensive  experience  in 
commercial 


communications  and 
many  have  built  and  maintained 
their  own  stations  as  amateur  radio 
operators. 

Beause  of  the  importance  which 
is  attached  to  field  operations,  a 
high  degree  of  decentralization 
desirable, 
towers 

marker-beacons,  are  “on  their  own” 
to  a  large  extent.  At  the  same  time, 
the  high  degree  of  specialized 
knowledge  w’hich  these  men  r^ 
quire,  the  fact  that  they  often  have 
responsibilities,  and 


IS 

Men  operating  control 
r,  perhaps,  portable 


very 

that  they  are  called  upon  to  pro¬ 
duce  results  regardless  of  the  cir¬ 
cumstances  in  which  they  find 
themselves  calls  for  particularly 
dependable,  resourceful  and  reliable 
personnel. 

As  a  result  of  necessary  decen¬ 
tralization,  the  usual  array  of 
“echelons”  has  been  streamlined  tc 


Typiccd  AACS  radio  itation  at  major  AAF  airdrome.  The  operator  at  the  left 
exchangee  weather  data  with  other  bases,  the  one  in  the  center  handles  arrixal 
and  departure  messages,  the  man  at  the  right  maintains  contact  with  aircraft 
enroute  and  the  man  in  the  foreground  is  the  superrisor 


The  activities  ■  of  the  AACS  will 
have  definite  value  in  peace-time 
military  aviation  and,  despite  the 
fact -that  military  airways  do  not 
necessarily  follow  routes  desirable 
for  commercial  service,  should  also 
prove  useful  in  re-establishing  com¬ 
mercial  and  civilian  aviation  in  the 
post-war  period. 


Reflecting  the  rapid  rise  in 
military  aviation,  and  fore¬ 
shadowing  the  future  development 
of  air  travel  together  with  the  com¬ 
munications  system  which  will 
make  it  possible,  is  the  Army  Air¬ 
ways  Communications  System  with 
headquarters  in  the  City  Hall 
Building  at  Asheville,  North  Caro¬ 
lina. 

The  AACS,  a  worldwide  organi¬ 
zation,  is  part  of  the  Army  Air 
Force.  Its  immediate  objective  is 
to  make  military  flying  as  safe, 
foolproof  and  reliable  as  is  humanly 
possible  in  wartime.  To  this  end 
the  organization  operates  a  vast  ar¬ 
ray  of  wire  and  radio  communica¬ 
tions  facilities,  direction-finding 
and  range-beacon  stations,  weather 
stations  and  other  radio  facilities 
and  also  coordinates  many  similar 
services  at  various  landing  fields. 


Organization 

The  AACS  is  primarily  an  oper¬ 
ating  or  service  organization  in 
which  field  activities  are  of  para¬ 
mount  importance.  The  adminis¬ 
trative  headquarters  are  unobtru¬ 
sive  and  practical ;  those  responsible 


This  ugly  duckling,  consisting  of  a  few 
boards,  some  rusty  nails,  a  signal-light 
gun,  a  field  telephone,  a  cot.  a  receieer 
and  a  transmitter  served  as  a  control 
tower  at  a  Chinese  field  until  more 
elaborate  equipment  arrived 
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Communications  System 


tachment  is  only  a  few  layers  re¬ 
moved  from  the  top  man.  The 
headquarters  in  Asheville  is  the 
nerve  center  of  the  entire  system. 
It  is  largely  an  administrative  unit 
and  coordinates  its  activities  with 
those  of  the  Army,  Navy,  the  Civil 
Aeronautic  Administration  and  our 
Allies.  It  establishes  policies  for 
the  overall  system. 

So  far  as  the  AACS  is  concerned, 
the  world  is  divided  into  8  Wings 
for  purposes  of  administration.  In 
most  instances.  Wing  Headquar¬ 
ters  are  located  near  the  terminals 
of  the  various  air-ferry  and  air- 
In  general, 


transport  conunands. 

Wing  Headquarters  is  responsible 
for  the  supervision  and  inspection 
of  installations  and  equipment  and 
for  the  establishment  of  policies  re¬ 
lating  to  operations  within  the 
Wing.  Each  Wing  is  divided  into 
of  which  24  exist  at  the 


Flying  frvighit  find  corgoei  waiting,  thanks  to  rapid  exchange  of  information 
between  AACS  radio  stotions.  Minimum  delay  at  stops  spells  efficient  operation 


groups, 

present  time.  Of  these,  four  are  lo¬ 
cated  in  the  continental  United 
States  and  the  balance  in  foreign 
countries. 

A  Detachment  is  a  field  operat¬ 
ing  unit  charged  with  the  responsi¬ 
bility  of  operating  and  maintain¬ 
ing  one  of  the  many  AACS  stations 
which  may  be  located  almost  any¬ 
where  throughout  the  world.  The 
Detachment  is  set  up  to  provide  op¬ 
erating  and  maintenance  services 
only.  However,  in  many  cases  mem¬ 
bers  of  a  Detachment  are  required 
to  perform  additional  services,  such 
as  installing  and  even  constructing 
control  towers  and  communications 


equipment,  usually  beause  of  their  craft  operating  between  ground 
remoteness  from  normal  facilities  stations, 
for  such  purposes. 

Such  a  streamlined  organization 
is  well  adapted  to  carry  out  the  ac¬ 
tivities  in  which  the  AACS  is  pri¬ 
marily  engaged.  Broadly  speaking, 
these  activities  are  three-fold:  (1) 
to  provide  point-to-point  communi- 
ations  throughout  the  world,  espe¬ 
cially  with  ground  stations  along 
military  airways,  (2)  to  collect,  co¬ 
ordinate  and  disseminate  weather 
information  along  military  air¬ 
ways,  and  (3)  to  provide  aero¬ 
nautical  navigational  aids  and  vari¬ 
ous  types  of  flight  controls  for  air- 


Problcms 

Numerous  unusual  and  interest¬ 
ing  problems  confront  the  AACS 
and  in  each  case  a  satisfactory 
answer  must  be  found  promptly. 
For  example,  the  organization  must 
maintain  a  continuous  watch 
throughout  the  world  for  all  mili¬ 
tary  airways  for  whose  operation  it 
is  responsible.  It  must  establish 
communications  quickly  in  war 
theaters  and  this  may  be  a  task  of 
considerable  proportions  and  diffi¬ 
culties  in  a  war  of  a  high  degree  of 
mobility.  Although  the  Signal 
Corps  is  charged  with  the  installa¬ 
tion  and  major  repairs  of  equip¬ 
ment,  conditions  sometimes  make  it 
necessary  for  AACS  personnel  to 
install  and  service  equipment  as 
well  as  to  maintain  it. 

While  it  is  necessary  to  be  sure 
that  our  own  personnel  is  ade¬ 
quately  informed  of  weather  and 
other  conditions  in  which  they  are 
interested,  it  is  equally  important 
to  keep  such  information  from  the 
enemy.  This  requirement  imposes 


Direction-finding  stations  like  this,  set  up 
all  orer  the  world,  giee  beorings  to  mili¬ 
tary  aircraft  hundreds  of  miles  away 


electronics 
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certain  restrictions  on  the  system, 
which  do  not  exist  to  the  same  ex¬ 
tent  in  commercial  installations.  To 
provide  adequate  weather  informa¬ 
tion,  it  is  necessary  to  operate  wea¬ 
ther  stations  throughout  the  world. 
The  Weather  Wing  of  the  Army 
Air  Force  makes  the  observations 
from  which  weather  reports  are 
prepared,  but  the  AACS  serves  as 
the  transmission  agency  in  dissem¬ 
inating  this  data. 

These  various  requirements  make 
it  mandatory  to  have  personnel 
resourceful  in  the  field,  for  many 
improvisations  may  be  required. 
The  system  is  constantly  in  a  state 
of  change  to  cope  with  new  condi¬ 
tions  or  to  expand  its  service. 


Faeiliti*t 


The  wide  variety  of  services  ren¬ 
dered  by  the  AACS  requires  that  it 
employ  practically  all  known  means 
of  communications. 

In  outpost  detachments,  where  a 
new  installation  is  just  getting  un¬ 
der  way  or  where  traffic  is  light, 
manually-keyed  radio  circuits  are 
usually  adequate.  Such  circuits  are 
most  useful  where  the  traffic  does 
not  exceed  about  100,000  words  per 
month. 

As  traffic  increases,  manually- 
keyed  radio  circuits  give  way  to 
automatic-keyed,  high-speed  radio 


Radio-rang*  tranunittvr  ia  the  for  north,  being  checked  by  on  AACS  mainte¬ 
nance  technician 


circuits.  This  type  of  facility  is 
used  in  stations  at  major  terminals 
and  generally  handles  from  a  mil¬ 
lion  to  a  million-and-a-half  words 
per  month.  Should  point-to-point 
communications  be  limited  to  a  few 
hours  a  day,  due  to  ionosphere  char¬ 
acteristics,  automatic  keying  is  par¬ 
ticularly  useful  as  it  is  often  per- 
missable  for  traffic  to  pile  up  while 


circuits  are  inoperative  and  then 
to  push  it  all  through  during  the 
period  in  which  transmission  char¬ 
acteristics  are  desirable. 

Point-to-point  communication  is 
used  to  send  dispatcher  notices  to 
planes,  for  identifying  planes,  for 
location  of  planes  during  flight,  to 
indicate  to  the  next  airport  when 
planes  are  expected  to  arrive  and 
to  assure  that  the  point  of  arrival 
has  adequate  facilities  for  feeding, 
housing,  and  otherwise  taking  care 
of  the  mission.  Such  point-to-point 
service  is  in  continuous  operation: 
periodic  schedules  are  not  adequate. 
In  the  average  ground  stations,  ra¬ 
dio  operators  customarily  monitor 
and  guard  more  than  one  frequency, 
although  this  service  is  not  avail¬ 
able  in  all  installations.  Communi¬ 
cation  is  frequently  carried  on  by 
means  of  10-channel  transmitters, 
and  frequently  multiple  transmis¬ 
sions  are  made  to  insure  the  safety 
of  crews  and  to  check  reports. 


A  complet*  oirwayi  ladio  station,  senring  aircroit  shuttling  over  long  woter- 
hops  in  tho  South  Pacific.  A  gasoline  generator  may  be  seen  at  the  left  of  the 
hut  and  on  antenna  at  the  upper  right 


Teletype 

Where  the  volume  of  traffic  is  ap¬ 
preciably  greater  than  a  million 
words  per  month  radio-teletype  sys¬ 
tems  replace  automatic  tape  cir¬ 
cuits.  Teletype  transmissions  can 
take  place  at  60  words  per  minute 
and  additional  personnel  and  time 
are  not  required  to  code  messages 
sent  in  this  manner. 
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weather  forecaster  is  located.  On 
the  basis  of  information  sent  to 
him,  the  weather  forecaster  can 
make  his  predictions  and  prepare  a 
weather  map.  By  means  of  facsim¬ 
ile  such  weather  maps  are  trans¬ 
mitted  from  the  key  station  to  other 
stations  in  its  region.  By  this 
method,  the  usefulness  of  trained 
weather  forecasters  is  considerably 
increased. 


The  extensive  use  which  the 
AACS  makes  of  teletype  service 

which 


centers  and  airfields,  private-wire 
facilities  are  used  to  supplement 
general  or  commercial  facilities. 
For  example:  interphone  or  inter¬ 
com  equipment  is  often  used,  over  a 
private  wire  line,  to  connect  the 
engineering  department,  control 
tower,  base  hospital,  commanding 
officer,  fire  house  and  crash  crew. 
The  purpose  of  such  an  emergency 
line  is  to  provide  reliable  instan¬ 
taneous  service  in  the  event  of 
crash  landing,  fire,  or  other  emer¬ 
gencies,  without  having  to  depend 
on  commercial  circuits.  Interphone 
systems  are  set  up  so  that  stations 
are  connected  together  through¬ 
out  all  hours  of  the  day  and  are 
ready  for  immediate  operation  from 
any  one  of  the  interconnected  sta¬ 
tions.  Any  station  can  communi¬ 
cate  immediately  with  any  other 
station  on  the  interphone  system. 

In  addition  to  interphone  or  in¬ 
tercom  private  lines,  a  special 
crash-alarm  is  used  at  all  perma¬ 
nent  bases.  This  connects  the  tower, 
fire  house,  hospital  and  similar 
emergency  services  and  important 
centers.  This  alarm  system  is  set  up 
so  that  all  interconnected  stations 
can  be  connected  together  simul¬ 
taneously  to  receive  the  same  mes¬ 
sage.  This  system  is  employed  only 
for  crash  landings  or  similar  emer¬ 
gencies.  ' 

Equipment  for  the  location,  con- 
{Continued  on  page  204) 


and  the  rapid  expansion 
many  of  the  communications  cen¬ 
ters  undergo  has  produced  some 
real  problems  in  design  and  con¬ 
struction.  To  alleviate  this  trouble 
and,  so  far  as  possible,  to  relieve 
the  field  personnel  of  the  responsi¬ 
bility  for  the  engineering  and  plan¬ 
ning  of  large  permanent  installa¬ 
tions,  Headquarters  has  undertaken 
the  task  of  designing  many  tele¬ 
type  communication  centers. 


Radiophone 

Radio-telephone  service  is  in¬ 
stalled  in  airplanes  primarily  to  en¬ 
able  them  to  communicate  with  con¬ 
trol  towers.  Few  point-to-point 
services  employ  radiophones  since 
these  are  wasteful  of  frequency  as 
compared  to  continuous-wave  trans¬ 
mission.  (Radio- telephone  service 
is  used  to  some  extent  in  a  number 
of  Canadian  Detachments.)  Fur¬ 
thermore,  the  lack  of  secrecy  of 
such  equipment  very  definitely  re¬ 
stricts  the  use  which  can  be  made 
of  this  class  of  service  for  military 
application. 

Of  course,  both  commercial-tele¬ 
phone  and  teletype-wire  facilities 
are  used  to  maximum  advantage 
wherever  these  are  available.  Com¬ 
mercial  services  are  used  in  the 
United  States  or  other  countries 
where  such  facilities  exist. 


In  the  beet  amateur  tradition,  captured 
]ap  parts  are  pressed  into  serrice  to 
build  an  emergency  transmitter 


Upon  being  advised  of  the  local 
facilities  available  for  communica¬ 
tions,  Headquarters  plans  an  ade¬ 
quate  center  and  submHs  floor  plans 
for  the  installation.  Asheville  even 


Private  Wire  Facilities 

At  the  various  communication 


general  appearance  and  layout. 
These  photographs  aid  field  person¬ 
nel  in  visualizing  what  the  center 
should  look  like  when  it  is  built. 
This  is  accomplished  by  means  of 
models  of  various  pieces  of  teletype 
equipment  and  office  furniture, 
built  to  scale  and  arranged  to  best 
meet  requirements. 


Faesimil* 

Facsimile  picture  transmission  is 
employed  not  only  to  speed  trans¬ 
mission  but  also  to  conserve  the 
time  of  key  personnel. 

Since  the  number  of  well-trained 
weather-forecasters  is  limited,  it  is 
not  possible  to  have  a  forecaster 
at  each  landing  field.  However, 
weather  observers  can  be  placed 
at  the  various  landing  fields.  These 
men  make  continuous  observations 
and  transmit  their  meteorological 
data  to  a  central  station,  at  which  a 


Modern  AACS  control  tower,  perched  like  an  eagle'i  nest  on  top  of  a  hangar 
at  a  permanent  Army  air  base 
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Description  of  typical  radio,  rail  carrier  and  induction  systems  used  for  maintaining  two- 
way  telephonic  contact.  Advantages  and  disadvantages  of  each.  Discussion  of  safety 

devices  designed  to  indicate  equipment  failures 


which  utilize  the  combined  induc¬ 
tion  and  radiation  fields  generated 
by  radio-frequency  carrier-signal 
energy  impressed  on  wayside  con¬ 
ductors,  such  as  electric  power,  tele¬ 
phone,  or  telegraph  wires.  Carrier 
signal  energy  may  be  inductively 
impressed  on  wayside  conductors 
by  loop  antennas  installed  in  mo¬ 
bile  units,  or  by  use  of  inductive  or 
capacitive  line-coupling  methods  at 
fixed  stations. 
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Space  radio  telephone  e<iuipment  on  a  Diesel-electric  locomotiTe,  showing  loco- 
tion  oi  whip  antenna,  auxiliary  remote-control  units  and  loudspeakers.  The 
installation  may  be  operated  by  personnel  on  the  ground  or  by  trainmen 


Space  Radio  Systems 

Space  radio  systems,  by  virtue  of 
their  inherent  ability  to  operate 
without  the  use  of  wayside  wires  or 
other  conductors  extending  along 
railroad  right  of  ways,  provide  the 
most  flexible  and  versatile  means  of 
train  communications.  As  metallic 
signaling  circuits  are  not  required, 


frequencies  usually  below  10  kc,  are 
applied  primarily  to  the  rails. 
Reception  on  mobile  units  is  ordi¬ 
narily  by  an  inductive  method,  with 
pickup  coils  located  in  proximity  to 
the  rails. 

(3)  Induction  Radio  Systems, 


IN  APPLYING  radio  and  other  elec¬ 
tronic  signaling  prihciples  as  a 
means  of  increasing  efficiency  and 
safety  in  the  railroad  field,  engi¬ 
neers  have  developed  a  number  of 
practicable  train  communicating 
methods.  While  the  various  meth¬ 
ods  have  as  a  common  denominator 
the  electronic  tube,  and  incorporate 
basic  circuits  known  to  the  major¬ 
ity  of  communications  engineers, 
modes  of  operation  differ  widely. 
Each  method  has  certain  technical 
and  operational  advantages  and  dis¬ 
advantages,  and  practical  experi¬ 
ence  on  American  railroads  has  in¬ 
dicated  the  advisability  of  consid¬ 
ering  all  methods  carefully  when 
selecting  a  system  to  meet  a  spe¬ 
cific  requirement. 

The  available  train-communicat¬ 
ing  systems  may  be  grouped  under 
three  general  classifications,  accord¬ 
ing  to  the  signal  propagation 
method  employed: 

(1)  Space  Radio  Systems,  in 
which  radio  wave  energy  is  propa¬ 
gated  into  space  by  non-directional 
or  directional  antenna  systems. 

(2)  Rail  Carrier  Telephone  Sys¬ 
tems,  in  which  carrier  signals,  at 
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FIG.  1 — Typical  arrangement  of  central-etation  equipment  employed  in  a  space 
radio  installation  now  in  railway  serrice 
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a  space  radio  system  will  continue 
to  function  with  full  efficiency  when 
wayside  wires  or  tracks  are  dam- 
jaged  by  storm,  floods,  or  other 
[causes  and  maintenance  of  positive 
long  railroad 
most  urgently 


FIG.  2 — Equipment  used 
in  the  cob  oi  a  locomo- 
tiye  in  a  typical  space 
radio  installation 


Conduit' 


ways  IS 


with  transmitting  equipment  and 
normally  is  mounted  in  the  same 
case,  as  shown  in  Fig.  2.  A  relay  is 
employed  to  transfer  the  antenna 
from  receiver  to  transmitter.  In  or¬ 
der  to  provide  an  audio  signal  of 
good  intelligibility  within  the  cab, 
an  audio  amplifier  having  a  power 
output  rating  of  at  least  3  watts 
is  ordinarily  used  in  the  receiver, 
while  the  loudspeaker  employed  in 
locomotive  cabs  is  usually  of  the 
re-entrant  type.  Flexible  “whip” 
antennas  are  employed,  as  far  as  is 
known,  in  all  locomotive  radiotele¬ 
phone  installations,  so  the  antenna 
will  not  be  damaged  in  entering 
roundhouses  or  passing  under 
power  lines  and  other  overhead 
structures. 


locomotives  of  other  types,  it  is 
often  desirable  to  provide  radio¬ 
telephone  equipment  designed  for 
32-volt  d-c  operation. 

All  mobile  transmitting  and  re¬ 
ceiving  units  must  be  protected 
against  the  shock  and  vibration  of 
locomotive  service  by  means  of 
shock  mounts  of  suitable  type.  On 
steam  locomotives  employed  in 
yard  areas,  proper  shock-mount  de¬ 
sign  is  of  considerable  importance 
as  both  shock  and  vibration  are  of 
relatively  great  amplitude  and  of 
three-dimensional  character.  The 
impact  experienced  when  a  yard 
locomotive  moves  against  a  long 
string  of  loaded  freight  cars  is 
often  of  considerable  magnitude 
and  may  cause  serious  damage  to 

components  if  adequate  cushioning 

Pow.r  S.ppli«.  aad  Shock  Mount.  afforded. 

Much  of  the  railroad  radiotele-  In  addition  to  the  need  for  ade- 
phone  equipment  now  installed  on  quate  protection  against  shock  and 
Diesel-electric  locomotives  in  ord-  vibration,  it  is  important  that  lo- 
nance  plants  and  elsewhere  is  oper-  comotive  radio  equipment,  on  steam 
ated  on  a  separate  6-volt  storage  engines  especially,  be  properly 
battery,  with  a  belt-driven  gener-  housed  in  order  to  protect  compon- 
ator  being  employed  to  charge  the  ents  from  the  damaging  effects  of 
radio  battery  during  periods  in  water  and  dampness,  as  well  as 
which  the  Diesel  motors  are  in  op-  from  Such  trouble  makers  as  car- 
eration.  Voltage  regulators  are  bon  particles  and  corrosive  gases, 
used  to  maintain  proper  charging 

rate,  as  in  the  conventional  electri-  Fall-Safe  Provl.lou. 

cal  systems  of  automobiles.  The  circuits  employed  in  railroad 

Because  of  the  prevalence  of  32-  radio  equipment  now  in  service  in 
volt  d-c  power  sources  on  practically  ordnance  plants  and  at  other  loca- 
all  steam  locomotives  and  on  many  tions  are  similar,  in  general,  to 


frequency  -  modulation  equipment 
[designed  for  operation  at  frequen¬ 
cies  above  30  Me  is  employed.  In 
many  instances,  notably  on  the  rail¬ 
way  systems  of  government-owned 
ordnance  plants,  operation  has  been 
conducted  in  the  30-40  Me  band, 
with  output  power  ratings  of  loco¬ 
motive  transmitters  ranging  from 
These  installations 


25  to  50  watts, 
for  the  most  part  utilize  coaxial 
radiators  at  central  stations  to  ef¬ 
fect  relatively  uniform  propagation 
of  radio  wave  energy  in  all  hori¬ 
zontal  directions,  thereby  providing 
complete  coverage  of  yards  extend¬ 
ing  over  comparatively  wide  areas. 

Many  of  the  railroad  radio  in¬ 
stallations  now  in  use  comprise  a 
central-station  transmitter  having 
lominal  power  output  ratings  rang¬ 
ing  from  25  to  50  watts,  although 
amplitude-modulated  transmitters 
rated  as  low  as  15  watts  have  been 
uiccessfully  used  for  yard  opera- 
ions.  The  transmitter,  its  associ- 
ited  central-station  receiver,  and 
he  coaxial  antenna  are  usually  in- 
italled  at  an  elevated  point  or  other 
'uitable  location  near  the  center  of 
he  railroad  yard,  with  telephone 
ine  connections  to  a  remote  control 
mit  at  a  yardmaster’s  or  dispatch- 
o  ’s  office  as  indicated  in  Fig.  1. 

Receiving  equipment  on  locomo- 
ive.s  is  cooperatively  associated 
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owned  ordnance  depots,  such  as  the 
Kingsbury  Ordnance  Plant,  a  tone 
signal  of  1000  cycles  is  utilized.  In 
other  installations,  frequencies 
ranging  from  180  to  1000  cycles 
have  been  employed. 

In  order  to  prevent  interference 
between  the  automatically-trans¬ 
mitted  checking  signals  and  voice 
signals  from  mobile  units  or  sec¬ 
ondary  stations  operating  on  the 
same  carrier  frequency,  a  carrier- 
operated  lock-out  relay  in  the  cen¬ 
tral-station  receiver  automatically 
suspends  pulse  transmission  during 
periods  in  which  signals  are  being 
transmitted  by  mobile  units  or  sec¬ 
ondary  stations. 

An  overall  carrier-check  is  also 
utilized  at  the  central-station  con¬ 
trol  point  to  provide  an  indication 
of  proper  emission  of  checking  and 


FIG.  3 — Currant  flow  from  coJmom  to  locomotiTO  through  roUa  and  back  through 
ground  in  roil  corrior  telephone  lystem  dereloped  by  Union  Switch  and  Signal  Co. 


those  utilized  in  conventional  police 
radio  apparatus.  However,  in  cer¬ 
tain  instances,  protective  checking 
circuits  have  been  incorporated  in 
order  to  provide  an  equivalent  of 
the  normally  closed-circuit  princi¬ 
ple  employed  in  railway  signaling 
practice.  An  example  is  the  stand¬ 
ard  semaphore  arm,  which  drops 
by  gravity  to  the  “stop”  position 
when  power  fails;  the ’engineer  of 
an  approaching  train  must  then 
follow  a  precautionary  procedure. 

Instructions  given  by  radiotele¬ 
phone  to  an  engineer  must  be  fol¬ 
lowed  in  minute  detail  unless  they 
are  countermanded.  Should  cen¬ 
tral-station  equipment  fail 
after  issuance  of  orders,  or  should 
locomotive  receiving  apparatus  be¬ 
come  inoperative  for  any  reason, 
the  engineer,  if  not  advised  of  such 
failure,  would  proceed  to  follow  the 
original  instructions  regardless  of 
attempts  by  the  dispatcher  to 
change  these  orders. 

Typical  Aadio-VUual  Checking  System 

In  railroad  radiotelephone  sys¬ 
tems  developed  by  engineers  of  the 
Halstead  Corporation,  checking  sig¬ 
nals  are  continuously  transmitted 
from  the  central  station  or  other 
control  station  at  intervals  of  sev¬ 
eral  seconds.  In  locomotive  cabs, 
these  signals  are  reproduced  by  cab 
loudspeakers  and  control  the  oper¬ 
ation  of  visual  indicators  to  pro¬ 
vide  audio-visual  indication  of  pro¬ 
per  operation  of  the  system. 
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FIG.  4 — Block  diagram  of  two-way  roil  carrier  telephone 
system  used  on  caboose  by  Union  Switch  and  Signal  Co. 

In  a  system  of  this  type,  which 
has  been  successfully  utilized  in 
some  ordnance  plant  installations 
over  a  period  of  two  years,  carrier 
wave  energy  is  transmitted  from 
the  central  station  at  periodic  inter¬ 
vals  by  means  of  an  automatic  puls¬ 
ing  device  which  momentarily  keys 
the  transmitter  at  predetermined 
intervals.  Concurrently  with  emis¬ 
sion  of  the  carrier,  a  tone  signal  is 
impressed  on  the  input  circuit  of 
the  transmitter.  In  locomotive  cabs, 
the  recurrent  pulse  signal  actuates 
a  check  light,  while  the  tone  signal 
is  reproduced  by  the  cab  loud¬ 
speaker.  The  frequency  of  the  tone 
signal  is  such  that  it  may  be  heard 
above  normal  background  noise 
within  a  cab.  In  some  government- 


transmitter.  In  some  of  the  rail¬ 
road  radio  installations  now  in 
service,  this  check  is  provided  by 
means  of  a  meter  and  a  carrier-op¬ 
erated  signal  light  incorporated  in 
a  carrier-check  receiver  located  at 
the  remote-control  point. 

A  system  of  this  general  typ« 
provides  a  check  on  overall  opera¬ 
tion  of  the  radio  control  system.  In 
event  of  failure  of  the  central-sta¬ 
tion  transmitter,  or  any  portion  of 
the  locomotive  receiver,  including 
the  loudspeaker,  the  audio-visual 
signals  are  not  repeated  in  the  cab, 
thereby  warning  the  engineer  that 
the  radio  system  is  inoperative. 

In  some  locomotive  radiotele 
phone  installations  in  which  the 
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audio-visual  checking  system  is  em¬ 
ployed,  a  carrier-operated  relay,  or¬ 
dinarily  connected  in  the  audio  gate 
or  squelch  circuit  of  the  receiver,  is 
utilized  to  control  operation  of  the 
check  light  In  other  instances,  the 
check  light  is  selectively  controlled  • 
by  a  relay  actuated  by  rectified  sig¬ 
nal  energy  of  predetermined  audio 
frequency.  In  this  case,  an  audio¬ 
frequency  filter  having  suitable 
bandpass  characteristics  is  em¬ 
ployed  in  connection  with  the  audio 
output  circuit  of  the  receiver  to  ac¬ 
cept  the  checking  signal  of  prede¬ 
termined  frequency,  such  as  180 
cycles,  and  to  reject  voice  or  other 
control  frequencies.  A  signal  recti¬ 
fier,  usually  of  the  selenium  or  cop¬ 
per-oxide  type,  is  then  utilized  to 
convert  the  audio-frequency  check¬ 
ing  signal  into  direct-current  en¬ 
ergy  for  operation  of  a  relay,  which 
controls  the  operation  of  the  check 
light 

Protective  radio  control  tech¬ 
niques  are  of  particular  value  dur¬ 
ing  freight  classifying  operations 
when  a  locomotive  is  pushing  a 
long  string  of  cars  over  a  “hump” 
where  freight  cars  are  uncoupled, 
usually  one  at  a  time,  and  allowed 
to  coast  down  to  a  particular  track 
in  the  classification  yard.  Inas¬ 
much  as  the  engineer  is  fre¬ 
quently  out  of  sight  of  critical 
yard  operations  in  this  case  it  is 
important  for  the  engineer  to 
know  that  he  is  in  constant  touch 
with  the  control  point  at  the 


“hump”  and  that  in  event  of  equip¬ 
ment  failure  a  positive  indication 
will  be  given. 

In  applying  radio  communicating 
techniques  on  mainline  trackage, 
several  engineering  problems  are 
presented.’  The  substantially  line- 
of-sight  propagation  characteris¬ 
tics  of  ultrahigh-frequency  radio 
wave  energy,  particularly  at  fre¬ 
quencies  above  300  Me,  will  prob¬ 
ably  necessitate  the  use  of  auto¬ 
matic  repeaters  at  certain  points  in 
urban  areas  and  in  mountainous 
country  where  obstructions  in  the 
transmission  path,  such  as  steel- 
frame  buildings  and  hills,  produce 
objectionable  shielding  effects. 
While  the  use  of  repeaters  in  this 
manner  may  involve  a  compara¬ 
tively  large  number  of  wayside 
units,  this  equipment  should  also 
prove  to  be  of  value  to  wayside 
personnel  who  may  be  expected  to 
utilize  the  repeater  equipment 
for  localized  zone  communications 
functions,  thus  sub-dividing  the 
longitudinal  radio-telephone  net¬ 
work  into  a  series  of  zones,  each 
under  local  control  as  well  as  cen¬ 
tralized  control. 

AHtomatie  R*p«at«rt  or  MqIh  LIrrs 

In  repeater  networks  intended 
for  operation  at  frequencies  above 
300  Me,  directional  antenna  sys¬ 
tems  with  extremely  high  front-to- 
back  ratios  will  probably  be  used 
for  zone  to  zone  work. 

Radiotelephony  is  also  expected 


to  be  of  particular  value  in  intra¬ 
train  communications  services,  such 
as  cab-to-caboose  signaling.  In  this 
type  of  service,  where  distances  are 
relatively  short  (ordinarily  in  the 
neighborhood  of  7000  feet  or  less), 
the  use  of  frequencies  above  100 
Me  and  especially  above  300  Me 
appears  logical. 

Intra-train  radio  services  are 
aided  by  the  extended  metallic 
ground  path  offered  by  the  rails,  as 
well  as  by  the  wave  reflecting  media 
presented  by  sides  of  hills  and  ele¬ 
vated  wayside  wire  circuits  where 
these  are  present.  These  factors 
are  of  particular  importance  at 
curves  in  railroad  right  of  ways 
where  hills  and  other  obstructions 
in  the  line-of-sight  transmission 
path  between  cab  and  caboose  might 
otherwise  cause  objectionable  sus¬ 
pension  of  communications. 

DitadvoRtages  of  Space  Radio 

While  space  radio  systems  have 
maximum  flexibility  and  are  not  de¬ 
pendent  on  wire  and  rail  conductors 
along  right  of  ways,  the  use  of 
space  radio,  in  the  opinion  of  some 
railroad  people,  presents  a  serious 
problem  in  that  the  portions  of  the 
radio  frequency  spectrum  where 
existing  commercial  equipment  may 
be  operated  are  already  over¬ 
crowded.  Also,  any  comprehensive 
use  of  radio  equipment  by  the  rail¬ 
roads  must  allow  for  the  fact  that 
most  of  the  nation’s  principal  rail 
transportation  systems  operate  over 


FIG.  5 — Induction  radio  tystem  ior  use  on  extended  railway  trackage  requiring  automatic  repeater  equip¬ 
ment,  showing  both  inductive  and  capacitive  methods  of  coupling  to  wayside  conductors  paralleling  the  tracks 
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ably  be  required  for  use  in  main 
line  operations.  The  cost  of  such 
repeater  equipment,  while  it  may 
not  be  prohibitive,  does  present  an 
economic  problem  of  considerable 
importance  from  the  railroad  op¬ 
erator’s  point  of  view. 


Receiver 


Rail  Carrier  Talephon*  Systamt 

In  rail  carrier  or  induction  tele¬ 
phone  systems,  in  which  carrier  sig- 
nal  energy  is  fed  directly  to  the 
rails  (and  sometimes  secondarily 
to  wayside  wires),  current  flow  is 
through  the  rails,  with  return 
through  ground  as  shown  in  Fig.  3. 
The  concentrated  induction  field 
produced  by  the  rail  current  is  util¬ 
ized  in  reception  by  means  of  pick¬ 
up  coils,  usually  located  in  proxim¬ 
ity  to  the  track. 

Rail  carrier  telephone  communi¬ 
cation  systems  are  useful  only 
within  a  short  lateral  distance  of 
rail  circuits.  As  appreciable  radia¬ 
tion  of  radio  wave  energy  does  not 
occur,  such  systems  do  not  require 
Federal  licensing  or  frequency  allo¬ 
cation.  As  signals  are  confined  sub¬ 
stantially  to  railroad  property,  a 
degree  of  privacy  exists  which  is 
not  ordinarily  obtainable  with  space 
radio  systems.  Rail  carrier  tele¬ 
phone  systems  offer  means  for  ef¬ 
fecting  transmission  of  signals  over 
comparatively  long  distances,  some¬ 
times  in  excess  of  100  miles  be¬ 
tween  wayside  stations  and  trains 
and  over  distances  of  10  miles  or 
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FIG.  6 — Block  diagram  showing  units  employed  on  o  locomotiTe  In  an  induction 

radio  system 


long  distances  on  an  interstate 
basis,  and  in  some  instances  a  sin¬ 
gle  railway  system  will  span  half 
a  continent. 

Unlike  most  other  high-fre¬ 
quency  radio  services,  therefore,  al¬ 
location  of  frequencies  for  railroad 
use  cannot  be  made  on  a  limited- 
area  basis  as  is  the  case  in  the  ma¬ 
jority  of  municipal,  county,  or  state 
police  radio  installations.  Studies 
now  being  made  by  the  Federal 
Communications  Commission  and 
other  governmental  agencies,  the 
Radio  Technical  Planning  Board, 
the  Association  of  American  Rail¬ 
roads,  and  other  groups  should  re¬ 
sult  in  an  intelligent,  long-range 


solution  to  the  allocation  problem. 

It  is  likely  that  full  consideration 
will  be  given  to  the  possible  use  of 
frequencies  above  300  Me,  where 
service  assignments  have  not  yet 
been  made,  since  there  is  an  appar¬ 
ent  dearth  of  available  frequencies 
below  300  Me.  As  an  aid  in  this  di¬ 
rection,  development  programs  are 
now  being  conducted  by  capable  en¬ 
gineering  groups  to  determine  the 
service  capabilities  of  railroad  ra¬ 
dio  equipment  operating  at  fre¬ 
quencies  above  300  Me  as  well  as  at 
lower  frequencies. 

A  relatively  large  number  of 
automatic  repeater  stations,  plus 
multichannel  operation,  will  prob¬ 


1 

filter 

, ;  ;i 

FIG.  7 — Induction  radio  unit  ior  fixed-station  use,  containing  FIG.  8 — Top  riew  of  the  chossis  of  the  f-m  transmitter  em- 

on  f-m  receiver,  a  xone  transmitter,  and  a  carrier-operated  ployed  in  the  induction  radio  unit  of  Fig.  7.  Tuning  controls 

reloy  to  provide  automatic  repeater  functions.  Power  out-  and  other  adiustments  ore  behind  a  locked  panel  having  a 

put  is  10  watts  window  for  the  meter  at  the  center 
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more  between  trains,  with  relative 
absence  of  “dead  spots”  at  bridges, 
tunnels,  and  other  obstructions  to 
normal  space  radio  propagation. 

Representative  rail  carrier  tele¬ 
phone  equipment  now  installed 
and  in  operation,  such  as  that  em¬ 
ployed  in  a  train  communication 
system  developed  by  the  Union 
Switch  and  Signal  Company,*  ordi¬ 
narily  employs  the  upper  side 
band  of  a  relatively  low-frequency 
carrier,  such  as  5700  cycles.  Al¬ 
though  frequencies  below  10  kc 
are  employed  in  rail  carrier  equip¬ 
ment  now  in  operation  on  railroad 
systems,  it  is  understood  that  fre¬ 
quencies  as  high  as  250  kc  and 
above  may  be  Utilized. 

Carrier  signal  energy  is  sup¬ 
plied  to  the  rails  by  direct  metal¬ 
lic  connection  between  the  output 
circuit  of  the  transmitter  and 
the  rails,  usually  by  means  of  a 
connection  from  the  output  trans¬ 
former  to  the  insulated  trucks  of 
the  locomotive  or  caboose.  Signals 
normally  are  received  on  mobile 
units  by  inductive  pick-up  from  the 
rails.  At  fixed  stations,  carrier  sig¬ 
nal  energy-  ordinarily  is  applied  be¬ 
tween  a  wire  line  and  a  track  as 
ground  connection,  although  in 
some  instances  it  is  understood  that 
signals  are  applied  between  tracks. 

In  rail  carrier  telephone  installa¬ 
tions  now  in  service,  mobile  trans¬ 
mitting  equipment  with  primary 


demodulated,  with  subsequent  au¬ 
dio  amplification  after  filtering  and 
peak-limiting,  for  operation  of  the 
cab  loudspeaker. 

An  indicating  light  is  provided 
on  a  control  box  associated  with 
the  mobile  transmitter  and  re¬ 
ceiver,  to  serve  as  a  check  on  emis¬ 
sion  of  a  modulated  carrier.  This 
light  flickers  with  modulation  of 
the  carrier,  thereby  indicating  to 
the  user  that  an  effective  modulated 
carrier  signal  is  being  transmitted 
to  the  rail  circuit.  A  signal  selector 
unit  may  also  be  connected  with  the 
receiver  to  control  the  operation  of 
a  bell  during  calling  operations,  in 
which  a  1050-cycle  tone  signal  is 
impressed  on  the  carrier  at  the 
station  where  the  call  originates. 
The  same  selector  unit  may  also  be 
used  to  control  the  operation  of  red 
and  green  cab  signals.  In  this  pro¬ 
cedure,  the  green,  or  “proceed,” 
light  is  energized  as  long  as  the 
1050-cycle  “calling”  signal  is  being 
received,  while  the  loudspeaker  is 
disconnected.  When  the  tone  signal 
is  terminated,  the  red,  or  “stop” 
light  is  energized,  the  bell  is  oper¬ 
ated,  and  the  loudspeaker  is  con¬ 
nected  for  speech  reception.  The 
“proceed”  indication  is  thus  given 
in  accordance  with  the  normally 
closed-circuit  principle  utilized  in 
other  forms  of  railway  signaling. 

The  range  of  a  rail  carrier  sys¬ 
tem  is  extended  considerably  when 
wire  lines  run  parallel  to  main-line 
trackage,  due  to  inductive  coupling 
between  the  rails  and  the  lines. 


Protective  Cheeks  on  Roil  Carrier 
Systems 

Signal  pick-up  in  mobile  units  is 
accomplished  ordinarily  by  means 
of  coils  located  beneath  the  mobile 
units  and  in  proximity  to  the  rails. 
The  signal  is  then  amplified  and 


DisodvoNtoges  of  Roil  Carrier 
Telephoae  Systems 

Rail  carrier  or  induction  tele¬ 
phone  systems,  in  which  signal  en¬ 
ergy  is  impressed  primarily  on  the 
rails,  require  good  electric  connec¬ 
tions  or  bonding  between  the  rails, 
which,  in  some  instances,  may  en¬ 
tail  considerable  expense.  As  rail 
circuits  rapidly  attenuate  carrier 
signal  energy,  transmitting  equip¬ 
ment  is  of  relatively  large  power- 
output  rating  and  size  as  compared 
with  space  radio  apparatus.  Instal¬ 
lation  of  rail  carrier  telephone 
equipment  now'  in  operation  on 
some  railways  also  requires  the 
insulation  of  trucks  of  both  the 
locomotive  and  the  caboose  from 
the  body.  If  a  locomotive  is  de¬ 
railed,  or  in  case  of  actual  rail 
(Continued  on  page  262) 
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HG.  9 — Block  diagram  ihowing  a-i  signol  selector  units  used  in  providing  one 
form  of  automatic  cob  signal  control..  Operation  invalues  reception  of  tone  signals 
of  predetermined  frequencies,  each  related  to  a  given  traffic  control  signal.  Voice 
signals  may  be  received  concurrently  without  interfering  with  control  functions 
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Synchronized  Oscillators 
as  F-M  Receiver  Limiters 
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An  oscillator  stage  following  the  i-f  amplifier  and  synchronized  to  a  suhharmonic  of  the 
i-f  signal  gives  voltage  gain,  adjacent-channel  selectivity,  quieting  sensitivity,  and  good 
amplitude-limiting  action.  Synchronizing  voltage  can  be  injected  in  several  ways 
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FIG.  1 — ImpedoncelMi  gonorator  in  saries 
with  grid  iniacts  a  synchionixing  algnol  into 
a  aimpliliad  Hartlay  oscillator 

IN  prewar  f-m  receivers  the  only 
nonlinear  element  was  the  am¬ 
plitude  limiter.  Distortionless  am¬ 
plification  of  an  f-m  signal  is 
independent,  within  limits,  of  the 
amplitude  characteristic  of  the  r-f 
and  i-f  amplifiers.  Accordingly,  it 
was  thought  that  some  of  the  non¬ 
linear  but  extremely  sensitive  am¬ 
plifiers  used  in  the  early  days  and 
long  abandoned  for  a-m  reception 
might  prove  useful  as  limiters  in 
f-m  receivers. 

Following  this  line,  the  Zenith 
Laboratories  in  1941  started  a 
study  of  the  possible  advantages  of 
synchronized  oscillators  in  f-m  re¬ 
ception.  As  used  in  an  f-m  receiver, 
the  application  comprises  an  os¬ 
cillator  stage  following  the  i-f  am¬ 
plifier,  with  the  oscillator  frequency 
synchronized  to  the  frequency  of 
the  i-f  signal,  or  to  a  subharmonic 
of  it.  Thus,  if  frequency  of  the  i-f 
signal  deviates  over  150  kc  with  a 
center  frequency  of  8.3  Me,  the 
synchronized  oscillator  may  oper¬ 
ate  over  the  same  range,  or  at  a 
subharmonic  such  as  4.15  Me,  with 
a  deviation  of  75  kc.  The  practical 


application  of  subharmonic  syn¬ 
chronization  for  frequency  division 
is  well  known.' 

Because  of  the  priority  of  mili¬ 
tary  work,  research  and  develop¬ 
ment  of  this  type  f-m  receiver  have 
been  on  a  limited  scale.  Unconven¬ 
tional  ways  have  been  found  for  us¬ 
ing  a  synchronized  oscillator  to 
advantage,  but  these  developments 
will  have  to  wait  for  publication 
until  practical  application  can  be 
realized. 

Interest  in  the  phenomena  ex¬ 
hibited  by  synchronized  oscillators 
goes  back  to  the  early  days  of  vac¬ 
uum  tubes  and  references  are  ex¬ 
tensive.  Several  hundred  papers, 
largely  of  a  theoretical  nature,  have 
been  written  on  the  behavior  of  os¬ 
cillators.  Of  these,  a  substantial 
fraction  have  dealt  with  synchron¬ 
ization  and  frequency  division.  A 
few  of  the  best  representatives  of 
these  references  are  listed  in  the 
bibliography  at  the  end  of  this  ar¬ 
ticle.  Papers  on  actual  applications 
are  scarce,  for  the  reason  that  up 
to  the  present,  the  field  has  been 
relatively  limited. 

Some  Actual  Applications 

There  have  been  several  sug¬ 
gested  and  actual  applications  to 
f-m  receiver  technique.  Among 
these  is  British  Patent  No.  163,462, 
issued  to  Eccles  and  Vincent  in 
1920.  It  covers  the  use  of  an  oscil¬ 
lator  synchronized  at  the  carrier 
frequency  for  the  reception  of  nar¬ 
row-band  f-m,  code  and  phone 
transmissions.  The  inherent  selec¬ 
tivity  of  a  synchronized  oscillator 
seems  to  have  been  realized  at  this 
early  date.  Some  work  was  also 
done  about  this  time  by  H.  G. 
Moller',  who  used  a  synchronized 


oscillator  for  f-m  code  reception. 

The  idea  then  seems  to  have  lan¬ 
guished  until  the  middle  thirties. 
In  1935,  Armstrong*  obtained  a 
patent  on  the  use  of  a  synchronized 
oscillator  at  the  intermediate  fre¬ 
quency  in  an  f-m  receiver,  with  a 
limiter  following  the  oscillator  to 
remove  amplitude  variations.  In 
1938,  the  Japanese*  described 
the  use  of  a  synchronized  oscil¬ 
lator  to  separate  the  f-m  com¬ 
ponent  from  a  signal  which  con¬ 
tained  both  frequency  and  ampli¬ 
tude  modulation.  Their  oscillator 
was  adjusted  so  that  it  acted  simul¬ 
taneously  as  a  fair  amplitude  lim¬ 
iter.  Synchronization  on  a  sub¬ 
harmonic  of  the  received  signal  was 
tried,  but  unfavorable  results  were 
obtained. 

In  1940  two  Russian  workers, 
Kisselgof  and  Knazev'*,  suggested 
and  built  a  synchronized  amplifier 
for  f-m  receivers.  The  oscillator 
was  synchronized  at  the  interme¬ 
diate  frequency,  and  amplitude  lim¬ 
itation  was  achieved  by  loading 
the  oscillator  with  a  pair  of  shunt- 
connected  diode  clippers.  These  in¬ 
vestigators  showed  that  normal 
amplifier  gains  could  be  obtained  in 
an  oscillator  stage.  The  problem  of 
injecting  the  synchronizing  signal 
from  the  high-impedance  circuit  of 
a  preceding  amplifier  was  met  by 
employing  a  pentagrid  tube,  the 
6L7,  with  the  i-f  signal  applied  to 
the  first  grid  and  the  oscillation 
circuit  connected  between  the  third 
grid  and  plate.  By  thus  allowing 
only  electron  coupling  between  the 
source  of  injected  voltage  and  the 
oscillator  circuit  they  minimized 
interaction  between  the  two  cir- 
circuits  and  thereby  eliminated  a 
major  feedback  problem. 
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Practically  all  the  references  on  chronization  for  both  fundamental 
e  synchronized  oscillator  are  and  subharmonic  operation. 

This  analysis  is  based  on  a  con¬ 
sideration  of  the  actions  occurring 
over  one  cycle  of  a  ssmchronized  os¬ 
cillator.  Such  a  treatment  has  been 
published  recently  for  a  free-run¬ 
ning  Hartley  oscillator^.  Referring 
to  Fig.  1,  consider  a  simplified 
Hartley  oscillator  with  the  tank  cir¬ 
cuit  connected  between  plate  and 
grid,  and  with  the  synchronizing 
signal  injected  by  an  impedanceless 
generator  in  series  with  the  grid 
lead. 


FIG.  3 — PhoM  relations  between  oscillation 
and  synchronizing  Toltage  when  the  latter 
is  of  twice  the  former's  frequency.  Time 
lapse  here  represents  the  amplification 
period  of  the  tube,  during  which  the  effect 
is  that  of  a  synchronizing  wore  of  identical 
frequency  but  double  omplitude 


differential 


equations  involved. 
While  a  simplified  explanation  may 
lack  rigor,  at  least  it  has  the  ad¬ 
vantage  of  presenting  a  physical 
picture  of  the  mechanism  of  syn- 


angular  velocity  of  the  tuned  cir¬ 
cuit.  Actually,  angular  velocity  dur¬ 
ing  the  amplification  period  will 
differ  from  this,  because  of  the 
changed  circuit  conditions  during 
this  period,  with  the  result  that  the 
average  angular  velocity  of  the 
amplitude  vector  of  a  free-running 
oscillator  over  one  cycle  will,  in  gen¬ 
eral,  not  agree  exactly  with  the  re¬ 
sonant  angular  velocity  of  the  tank 
circuit. 

,  The  possibility  of  a  change  in 
angular  velocity  during  the  ampli¬ 
fication  period  gives  the  clue  to 
what  occurs  during  ssmchroniza- 
tion.  For  if  E,  is  not  zero,  and  has 
an  angular  velocity  not  equal  to  that 
of  the  free-running  oscillator,  sta¬ 
ble  synchronization  means  that  the 
average  angular  velocity  of  the  os¬ 
cillation  amplitude  vector  must 
change  until  it  is  equal  to  that  of 
the  injected  signal. 

During  the  cut-off  period,  syn¬ 
chronizing  voltage  E,  can  have  no 
effect  on  the  oscillation  vector,  the 
angular  velocity  of  which  during 
this  period  is,  say,  o),,  the  resonant 
angular  velocity  of  the  tuned  cir¬ 
cuit.  During  the  amplification  per¬ 
iod,  however,  E,  causes  a  compon¬ 
ent  of  plate  current  which  may 
change  the  phase  angle  of  the  os¬ 
cillation  vector.  Thus  the  angular 
velocity  of  the  oscillation  vector 
during  the  amplification  period  may 
be  decreased  or  increased,  depend¬ 
ing  on  whether  the  phase  of  the 
plate  current  produced  by  E,  is  lag¬ 
ging  or  leading  the  phase  of  the 
free-running  oscillation  current  at 
the  start  of  the  amplification  per¬ 
iod. 

If  the  angular  velocity  of  E,  is 


Theory  of  the  Synchronized  Oscillator 

Figure  2(a)  shows  the  plate  cur¬ 
rent  of  the  tube  as  a  function  of  the 
instantaneous  voltage  across  the 
tank  circuit.  The  oscillator  is  as¬ 
sumed  to  operate  class  G  without 
plate-current  saturation.  FMgure 
2(a)  shows  instantaneous  oscil¬ 
lator  voltage  as  the  projection  of  a 
vector  A  of  variable  length,  rotat¬ 
ing  in  a  counter-clockwise  direction. 
For  a  free-running  oscillator,  i.e., 
E,  =  0,  the  angular  velocity  of  this 
vector  may  be  assumed  constant 
over  the  cycle.  From  A,  to  A,  the 
Qm  of  the  tube  is  zero,  the  damping 
factor  of  the  oscillation  is  positive, 
and  the  vector  amplitude  decreases 
exponentially. 

From  A  to  A„  the  amplitude  must 
increase  exponentially  to  its  ori¬ 
ginal  value  if  oscillation  amplitude 
is  to  remain  stable.  During  this  am¬ 
plification  period,  when  the  tube  is 
conducting,  the  damping  factor  is 
negative.  The  condition  for  stabil¬ 
ity  in  a  free-running  oscillator  is 
that  the  loss  in  amplitude  during 
the  cut-off  period,  when  the  tube  is 
not  conducting,  must  be  just  equal 
to  the  gain  in  amplitude  during  the 
amplification  period. 

We  have  assumed  that  for  a  free- 
running  oscillator  the  angular  ve¬ 
locity  of  the  amplitude  vector  is 
constant,  and  equal  to  the  resonant 


fIG.  2 — Plate  current  of  oscillator  in  Fig.  1 
is  a  function  of  instantaneous  Toltage 
ocross  tank  circuit,  which  appears  as  the 
projection  of  Tector  A.  For  a  free-running 
oscillator,  (a)  angular  Telocity  is  assumed 
constant.  In  (b).  angular  Telocity  of  the  syn- 
dironizing  signal  is  greater  and  A,  is  the 
lonk-voltage  component  due  to  synchroniz¬ 
ing  Toltage 
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greater  or  less  than  w..  synchroniz¬ 
ation  occurs  only  when  the  A  vector 
rotates  through  2it  radians  in  ex¬ 
actly  one  cycle  of  E,.  The  condi¬ 
tion  for  stable  synchronization  is 
that  the  gain  or  loss  in  relative 
phase  angle  between  A  and  E,  dur¬ 
ing  the  amplification  period  shall 
exactly  balance  the  loss  or  gain  in 
relative  phase  angle  during  the  cut¬ 
off  period. 

Vector  Relotioes 

In  Fig.  2(b),  are  shown  the  vec¬ 
tor  relations  existing  when  the  an¬ 
gular  velocity  of  the  synchronizing 
signal  is  greater  than  a)„  the  free- 
running  angular  velocity.  Here  A, 
is  the  component  of  the  tank  volt¬ 
age  due  to  the  synchronizing  volt¬ 
age  E,.  This  component  is  added 
in  quadrature  with  the  oscillation 
vector  during  the  amplification 
period,  so  the  angular  velocity,  coi, 
of  the  resultant  is  increased  during 
this  period.  If  o).  is  the  angular 
velocity  of  the  synchronizing  sig¬ 
nal,  the  average  value  of  angular 
velocity  of  the  resultant  over  a  com¬ 
plete  cycle  must  be  equal  to  a)„ 
for  stable  synchronization. 

For  a  given  difference  between 
o).  and  0).,  the  angular  velocity  of 
E„  the  phase  angle  between  E,  and 
A  at  the  start  of  the  amplification 
period  will  be  90  deg  for  the  min¬ 
imum  amplitude  of  E,  required  for 
synchronization.  If  the  magnitude 
of  E,  is  less  than  this  critical  value, 
the  gain  in  phase  during  the  ampli¬ 
fication  period  will  not  balance  the 
loss  in  phase  during  the  cut-off 
period,  and  the  effect  of  E,  during 
the  next  conductive  period  will  be 
reduced  due  to  the  discrepancy  in 
correct  phasing  at  the  start.  Thus 
the  phase  conditions  never  stabilize, 
and  no  synchronization  exists. 

If  the  magnitude  of  E,  is  greater 
than  that  required  at  optimum 
phasing,  the  gain  in  phase  during 
the  amplification  period  will  be 
greater  than  required,  and  the 
phase  at  the  start  of  the  next  am¬ 
plification  period  will  be  less  than 
90  deg,  thus  reducing  gain  in  this 
period.  This  process  will  continue 
until  the  relative  phase  at  the  start 
of  the  amplification  period  is  re¬ 
duced  to  a  value  which  remains  sta¬ 
ble  with  the  given  magnitude  of 
E.. 

The  phenomenon  of  stable  syn¬ 
chronization  is  thus  due  to  the  fact 


FIG.  4 — Addition  oi  a  tuned  secondary  to 
the  tank-circuit  inductance  increases  syn¬ 
chronisation  sensitiTity  by  reducing  phase- 
angle  variation  of  the  primary  impedance 

that  the  oscillation  vector  can  slip 
in  relation  to  the  synchronizing 
vector  until  stable  phase  and  ampli¬ 
tude  conditions  are  reached.  If  E, 
is  variable  in  frequency,  but  al¬ 
ways  of  sufficient  amplitude,  the 
oscillator  will  adjust  itself  almost 
instantaneously  to  every  change  in 
frequency  of  E,. 

Synchronization  with  an  injected 
signal  whose  frequency  is  a  multi¬ 
ple  of  the  free-running  frequency 
can  be  explained  in  a  similar  man¬ 
ner.  Figure  3  shows  the  phase  re¬ 
lations  which  might  ^exist  during 
the  amplification  period  and  be¬ 
tween  the  oscillation  voltage  and  a 
synchronizing  voltage  of  twice  the 
frequency.  During  the  active  per¬ 
iod  the  double-frequency  synchron¬ 
izing  w’ave  is  practically  equivalent 
to  a  synchronizing  wave  with  the 
frequency  of  the  oscillator  but  twice 
the  amplitude  of  the  double-fre¬ 
quency  wave.  It  is  clear  that  if  the 
amplification  period  extended  be¬ 
yond  the  boundaries  marked  in 
Fig.  3,  the  effect  of  the  injected 
voltage  at  double  frequency  would 
be  to  decrease  the  desired  change  in 
oscillation  vector  phase,  since  the 
added  portions  would  produce  a  re¬ 
actance  change  in  the  opposite  di¬ 
rection. 

For  subharmonic  operation,  the 
fraction  of  the  oscillator  cycle  com¬ 
prising  the  amplification  period 
should  be  limited  to  a  half  cycle  (or 
an  odd  multiple  of  a  half  cycle)  of 
the  synchronizing  voltage. 

Sensitivity  of  Synchronisation 

While  the  method  of  injecting 
synchronizing  voltage  shown  in 
Fig.  1  cannot  generally  be  realized 
in  a  practical  f-m  receiver,  it  can 
be  used  to  illustrate  the  factors  af¬ 
fecting  synchronization  sensitivity 
of  the  amplifier-limiter  in  practical 


circuits,  since  the  same  general 
principles  hold  for  all. 

Synchronization  sensitivity  may 
be  defined  roughly  as  the  amplitude 
of  the  injected  voltage  required  to 
synchronize  the  oscillator  over  a 
given  frequency  range  of  the  syn¬ 
chronizing  voltage,  for  a  given  os¬ 
cillator  frequency  and  amplitude. 

Since  the  synchronization  proc¬ 
ess  is  essentially  that  of  adding  a 
reactive  component  of  current  dur¬ 
ing  a  fraction  of  the  oscillator 
cycle  in  order  to  slow  down  or  speed 
up  the  angular  velocity  of  the  oscil¬ 
lation  vector  during  this  period, 
the  action  is  similar  to  that  of  a 
frequency  modulator  of  the  reac- 
ance  tube  type.  Factors  affecting 
sensitivity  are  the  same  in  both 
cases. 

The  L/C  ratio  of  the  tank  cir¬ 
cuit  should  be  as  high  as  possible, 
since  then  the  reactive  voltage  de¬ 
veloped  across  the  tuned  circuit  is  a 
maximum  for  a  given  amplitude  of 
reactive  plate  current.  The  of 
the  tube  during  the  amplification 
period  should  be  as  high  as  possible, 
to  secure  the  required  reactive  plate 
current  with  the  least  injected  volt¬ 
age. 

With  the  single-circuit  oscillator 
shown  in  Fig.  1,  sensitivity  can 
usually  be  increased  for  low  oscil¬ 
lator  voltages  by  damping  the 
tuned  circuit.  If  damping  is  in¬ 
creased,  the  amplitude  of  the  re¬ 
quired  reactive  plate  current  re¬ 
mains  the  same  for  a  given  devia¬ 
tion  from  the  resonant  frequency. 


FIG.  5 — Phase  characteristics  of  primoiT 
impedance  in  Fig.  4  for  a  single  circuit  (11 
two  circuits  critically  coupled  (2)  and  two 
circuits  over-critically  coupled  (3).  In  cum 
(3).  synchronization  sensitivity  in  the  csnW 
is  largely  lost 


110 


Augmt  1944  —  ELECTRONICS 


iy 

le 

to 

a 

Il¬ 

ls. 

ic- 

a 

ir- 

or 

ed 

a- 

>d, 

a 

ac- 

ng 

)th 

;ir- 

)le, 

de- 

sa 

of 

of 

ion 

ble, 

late 

olt- 

itor 

can 

jcil- 

thel 

in- 

re- 

re- 

via- 

ncy, 


rimaiT 
uit  (11. 
id  two 
1  cunt 
cent* 


since  the  decrease  in  impedance  of 
the  tuned  circuit  is  balanced  by  a 
decrease  in  the  phase  angle  of  the 
impedance.  However,  the  p*  of  the 
tube  during  the  amplification  per¬ 
iod  must  be  increased  to  maintain 
the  same  oscillator  voltage,  and 
hence  the  required  synchronizing 
voltage  on  the  grid  of  the  tube  is 
decreased.  For  optimum  adjust¬ 
ment,  damp  the  tuned  circuit  until, 
for  a  desired  oscillator  voltage,  the 
plate  current  and  the  of  the  tube 
are  as  high  as  possible. 

In  a  single-circuit  oscillator  the 
required  reactive  current  varies 
linearly  with  frequency  deviation 
for  a  small  range  on  either  side  of 
resonance,  since  it  varies  with  the 
sine  of  the  phase  angle  of  the  tuned 
circuit  impedance.  This  phase-an¬ 
gle  variation  may  be  reduced  by  a 
large  factor  over  a  small  range,  and 
synchronization  sensitivity  corres¬ 
pondingly  increased,  by  adding  a 
tuned  secondary  to  the  tank  circuit 
inductance,  as  shown  in  Fig.  4.  If 
circuit  Q  factors  and  coupling  are 
adjusted  to  give  a  band-pass  char¬ 
acteristic  over  the  desired  fre¬ 
quency  range,  the  phase  angle  vari¬ 
ation  of  the  primary  impedance  can 
be  easily  reduced  by  a  factor  of 
five  or  more,  with  a  corresponding 
increase  in  the  synchronization 
sensitivity. 

Figure  5  shows  the  phase  charac¬ 
teristics  of  the  primary  impedance 
for  (1)  a  single  circuit,  (2)  two 
circuits  critically  coupled,  and  (3) 
two  circuits  over-critically  coupled. 
Even  a  moderate  degree  of  coup¬ 
ling  will  provide  considerable  im¬ 
provement  of  the  sensitivity.  This 
increase  in  sensitivity  with  a  band¬ 
pass  tank  circuit  was  first  noted 
by  Sterky.“  If  the  two  circuits  are 
over-critically  coupled,  giving  the 
phase  characteristic  (3)  of  Fig.  5, 
the  free-running  frequency  of  the 
oscillator  tends  to  rest  on  either 
side  of  the  double  bend  in  the  char¬ 
acteristic,  and  synchronization 
sensitivity  to  a  signal  in  the  center 
is  largely  lost.  This  condition  may 
also  occur  unintentionally  through 
regenerative  coupling  to  a  preced¬ 
ing  high-Q  i-f  circuit,  and  is  to  be 
avoided  at  all  costs. 

Difficulties  with  Subharmonics 

All  the  factors  discussed  above, 
namely  High  L/C  ratio,  high  g„, 
and  two-mesh  tank  circuits,  which 


make  for  high  synchronization 
sensitivity  at  the  fundamental,  also 
hold  for  synchronization  at  a  sub¬ 
harmonic  of  the  injected  voltage. 
This  is  because,  as  discussed  above, 
the  action  of  the  injected  signal  at 
a  higher  frequency  than  the  oscil¬ 
lator,  over  a  limited  period  of 
amplification,  is  exactly  analogous 
to  the  action  of  a  signal  at  the  same 
frequency  as  the  oscillator.  There 
is,  however,  some  loss  in  sensitiv¬ 
ity  over  operation  at  the  funda¬ 
mental,  due  to  the  restriction  of  the 
amplification  period,  and  the  only 
justification  for  subharmonic  oper¬ 
ation  is  that  it  avoids  the  practical 
difficulties  of  feeding  an  oscillator 
from  a  high-impedance  source,  and 


times  not  recognized  at  first  if  a 
demodulated  signal  is  viewed  on  an 
oscilloscope. 

Distortion  caused  by  suppression 
of  the  subharmonic  at  the  center  of 
the  band  then  has  a  similar  appear¬ 
ance  to  distortion  caused  by  insuf¬ 
ficient  synchronizing  signal  and  the 
consequent  loss  of  synchronization 
over  part  of  the  modulation  cycle. 
The  effect  appears  to  be  due  to  up¬ 
per  bend  saturation  in  the  tube 
characteristic,  so  that  too  much  in¬ 
jected  voltage  lowers  the  effective 
Qm  of  the  tube  to  the  point  where 
the  lower-frequency  oscillations  can 
no  longer  be  sustained.  While  this 
effect  is  analogous  to  i-f  overload¬ 
ing  in  an  a-m  receiver,  the  result¬ 


FIG.  6 — Typical  synchronusd-oscillator  circuit  hawinq  synchronizing  voltage 
developed  in  the  grid  circuit  oi  the  type  1852  tube  while  oscillation  is  maintained 
by  a  cathode  tickler  winding 


minimizes  difficulties  in  oscillator 
alignment  due  to  overall  regenera¬ 
tion. 

Some  of  the  loss  in  sensitivity 
entailed  in  subharmonic  operation 
can  be  recovered  by  a  proper  ad¬ 
justment  of  bias  on  the  oscillator, 
since  this  determines  the  length  of 
the  amplification  period  In  gen¬ 
eral,  however,  fixed  bias  on  the  os¬ 
cillator  grid  makes  it  difficult  to 
start  at  the  desired  level  of  5  to  10 
volts,  and  not  much  latitude  exists 
in  bias  voltage. 

Suppression  of  Subharmonie 
Oscillations 

An  unpleasant  feature  which  is 
associated  with  high  sensitivity  for 
subharmonic  operation  is  the  long- 
known  fact  that  oscillations  at  the 
subharmonie  frequency  are  sup¬ 
pressed  if  the  injected  signal  rises 
to  the  same  order  of  magnitude  as 
the  oscillator  voltage.  This  is  some¬ 


ing  audio  distortion  is  much  worse, 
and  cannot  be  tolerated. 

If  minimum  synchronizing  volt¬ 
age,  delivered  by  the  i-f  amplifier, 
is  of  the  order  of  a  volt,  suppres¬ 
sion  of  the  subharmonie  oscillation 
by  stronger  signals  can  be  satisfac¬ 
torily  overcome  with  a  complete 
automatic  gain-control  circuit  de¬ 
riving  voltage  from  rectification  in 
the  last  i-f  grid  circuit  before  the 
limiter.  If,  however,  full  advantage 
is  taken  of  the  gain  in  a  synchron¬ 
ized  oscillator,  the  required  mini¬ 
mum  synchronizing  voltage  will  be 
much  less  than  one  volt,  and  gen¬ 
erally  there  will  not  be  enough  gain 
in  the  i-f  amplifier  to  provide  satis¬ 
factory  gain  control.  Fortunately, 
special  circuit  means  exist  that  will 
not  suppress  the  oscillation  until 
the  voltage  on  the  last  i-f  amplifier 
is  high  enough  to  cause  this  stage 

(Continued  on  page  332) 
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Pinal 


Carrier  Communication 


Orders  go  to  crane  operators  by  wireless  means  in  this  installation  and  all  transmission 
is  cleared  through  a  central  desk.  Inherent  disadvantages  of  telephone  systems  are  over¬ 
come  while  control  and  coordination  are  improved  * 


Lin*  Coiipliii9  Uelt 


Direct  audio  communication 
with  crane  operators  has  been 
provided  in  many  industrial  plants 
by  telephone.  The  utility  of  such 
systems  has  often  suffered  from  de¬ 
lays  in  transmission  of  orders  be¬ 
cause  of  a  busy  line  and  confusion 
because  several  individuals  might 
call  the  cabman  concerning  the 
same  job  of  lift. 

Clearing  of  all  instructions  to  the 
crane  operators  through  one  cen¬ 
tral  desk  is  highly  desirable  since 
it  enables  the  operations  foreman 
always  to  know  just  where  each  of 
the  several  cabs  is  operating.  There 
are  also  occasions  when  two  cabs 
must  operate  from  the  same  bridge 
for  lifting  heavy  pieces.  In  addi¬ 


tion  to  requiring  no  special  conduc¬ 
tors,  a  carrier-communication  sys¬ 
tem  held  the  promise  of  greater 
flexibility  than  telephone  service. 

Pew«r  Distribution  System 

As  is  usually  the  case,  working 
out  the  idea  required  considerably 
more  effort  than  its  formulation  did. 
An  investigation  was  first  made  of 
the  power  distribution  system  of 
the  plant.  Several  interesting 
points  came  to  light — chief  among 
which  was  the  fact  that  it  con¬ 
sisted,  for  the  most  part,  of  three- 
conductor  sheathed-in-lead  cable 
having  a  very  high  capacitance  to 
ground. 

From  the  132-kv  high-line,  two 


FIG.  1 — Line  coupling  unit  consists  oi 
tapped  vario-coupler  with  coarse  im¬ 
pedance-matching  adjustment  by  tops 


banks  of  transformers  feed  two 
4800-volt  busses  to  the  various  sub¬ 
stations  throughout  the  plant.  In 
each  sub-station  is  located  a  4800- 
440-volt  step-down  transformer 
connected  delta-delta. 


An  attempt  was  made  to  feed  the 
160  kc  carrier  frequency  into  the 
440-volt  service  mains.  As  ex¬ 
pected,  there  was  little  or  no  suc¬ 
cess — variations  in  the  power  load 
were  very  great,  with  the  result 
that  transmitter  loading  was  also 
changed. 

The  r-f  energy  was  next  fed  into 
the  4800-volt  side  of  one  of  the  sub¬ 
stations  through  a  0.001  ju.f  block¬ 
ing  capacitor.  Considerable  diffi¬ 
culty  was  experienced  in  coupling 
the  transmitter  output  to  the  power 
mains ;  impedance  of  the  power 
system  was  such  that  satisfactory 
loading  of  the  transmitter  could 
not  be  achieved.  A  number  of 
schemes  were  tried,  the  final  result 
being  the  tapped  vario-coupler 
shown  in  Fig.  1. 


By  M.  L.  SNEDEKER 


Jladio  Section  General  Foreman,  Fisher  Cleveland 
Aircraft  Div.,  General  Motors  Corp.,  Cleveland,  Ohio 
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Ezparimentol  modal  of  spodol-design  roceiTor  for  corrior-eurront  signal  rocop- 
tion  fits  into  the  comer  of  a  crane  cob  at  plant  No.  2  of  GM's  Fisher  CleTeland 
Aircraft  Die.  At  the  controls  is  R.  B.  Jones,  who  had  charge  oi  construction 
ond  testing  on  the  installation 


to  Crane  Cabs 

Between  C  and  D  the  winding  is  kc,  a  6V6  buffer  and  two  807*8  in 
apped  every  turn:  this  allows  the  parallel  as  the  final  amplifier,  the 
Impedance  of  the  link  L  to  be  transmitter  circuit  is  quite  conven- 
jloscly  matched.  The  winding  be-  tional. 
ween  A  and  B  is  tapped  every 

,,?venth  turn.  This  provides  a  Tra«t«iM*r  for  Mioimon  Moiofooaoeo 
oarse  adjustment  of  inductance  Push-pull  6L6’s  are  used  in  the 
vhile  fine  adjustment  is  made  with  modulator  unit.  While  the  circuit 
he  rotor  EF.  The  entire  vario-  of  the  transmitter  is  more  or  less 
uupler  AE  consists  of  272  turns  of  standard,  there  are  two  special  fea- 
S'o.  16  wire  on  a  four-inch  diam-  tures.  Every  component  of  the 
•ter  form.  transmitter,  and  particularly  of  the 

In  the  rotor  are  34  turns  of  No.  power  supply  units,  was  designed 
16  wire  on  a  three-inch  diameter  to  operate  considerably  below  its 
orm.  Inductance  is  0.07  mh.  The  maximum  rating  since  the  system ' 
ink  L  consists  of  12  turns  of  No.  is  in  operation  24  hours  a  day.  This 
14  enameled  wire,  wound  on  a  3i-  over-design  has  paid  dividends  by 
n.  diameter  form.  This  is  coupled  providing  almost  zero  maintenance. 
:()ncentrically  to  the  final  tank  cir-  The  entire  transmitter  is  housed 
uit  of  the  transmitter.  With  this  in  a  cabinet  with  a  thermostatically 
irrangement  it  is  possible  to  load  controlled  blower  set  to  operate 
[he  transmitter  to  any  desired  when  the  ambient  temperature  ex- 
imount,  and  power-load  variations  ceeds  130  deg.  F.  A  block  diagram 
teem  to  have  no  effect.  is  shown  in  Fig.  2. 

Using  this  set-up  with  an  r-f 

power  of  approximately  50  watts,  5p««lal  Receivers  Reqeired 

>xcellent  coverage  throughout  the  Initial  tests,  made  with  a  com- 
piant  was  achieved,  even  though  mercial  receiver  in  a  crane  cab,  in- 
tume  of  the  runs  through  the  lead-  dicated  that  special  receiving 
iheathed  4800- volt  cables  were  sev-  equipment  would  be  necessary.  The 
iral  hundred  feet  in  length.  Car-  electrical  noise  level  in  the  plant 
ier-frequency  traps  in  the  load  was  so  high  that  ordinary  noise 
incs  adjacent  to  the  feed  point  suppression  circuits  were  useless, 
vere  not  used  since  there  was  satis-  It  was  evident  therefore  that  a  sig- 
actory  signal  strength  without  nal  of  considerable  strength  would 
hem.  have  to  be  available  at  the  receiver 

Comprising  a  6F6  electron-  and  also  that  a  highly  effective 
iuupled  oscillator  operating  at  160  squelch  circuit  must  be  employed. 


FIG.  2 — Block  dlaqrom  rolotos  hiBcttons  ol  units  in  tronsmitlsr  rack  iUustrotod. 
Remoto  spooch-amplUisr  is  locatod  at  ths  dispotchor's  dosk.  with  duplicoto  In 
cablnot  ior  tsst  purposM 


^TRONICS  — Asgsif  1944 


Cobinot  of  cantor-curront  txansmittoi 
contains,  from  top  to  bottom,  lino  match¬ 
ing  unit  final  amplifier,  oscillator- 
buffer.  modulotor.  local  speech  ampli¬ 
fier.  modulator  power  supply,  final 
power  supply,  and  control  elements. 
Thermostatically  -  controlled  venttloting 
blower  hos  intake  through  elbow  on  top 

With  these  requirements  in  mind, 
an  r-f  power  of  50  watts  was  de¬ 
cided  upon,  and  a  great  deal  of  ex¬ 
perimenting  was  done  with  all  sorts 
of  noise-reducing  circuits. 

The  receiver  used  in  the  crane 
installations  was  designed  by  E.  T. 
Rosenberg  and  is  diagrammed  in 
Fig.  3.  Of  special  interest  is  the 
squelch  circuit. 

Employing  a  straightforward 
t-r-f  circuit,  the  receiver  uses  three 
6SK7  tubes  as  r-f  amplifiers,  a 
6SQ7  tube  as  diode  detector  and 
first  audio  amplifier,  a  6F6  as  power 
amplifier,  a  6SJ7  in  a  squelch  or 
carrier-operated  noise-suppressor 
circuit,  and  a  type  80  rectifier.  Or¬ 
dinary  175-kc  i-f  transformers 
tuned  to  approximately  160  kc  are 
utilized  as  interstage  transformers 
T,  to  r*. 

Bias  for  the  first  two  r-f  ampli¬ 
fiers  is  obtained  through  a  500-ohm 
resistor  in  each  cathode,  both  re- 


clockwise,  or  minimum  resist  ne?, 
position  as  this  will  remove  all  bias 
from  the  6SQ7  and  cause  exce.ssive 
current  to  flow.  Bias  on  the  6SQ7, 
without  signal, 


is  15  to  17  volts; 
with  signal,  1.5  to  2  volts. 

Voltage  at  the  plate  of  the  6S(j7 
is  approximately  200  to  250  volte 
Voltage  at  the  plate  of  the  6SJ7  is 
285  to  300  volts,  the  same  as  that 
at  the  screen  of  the  6F6  since  both 
are  connected  directly  to  the  output 
of  the  plate  supply  Alter.  Plate  volt¬ 
age  on  the  6F6  is  275  to  290  volts  and 
grid  bias,  about  17  volts,  is  ob- 


WorU 

aoodi 


is  independent  of 


ceiver 

the  interlock  and  manual  safety 
switches  in  the  crane  cab.  The  an¬ 
tenna  lead  from  the  receiver  is 
connected  to  all  three  phases 


Detector  and 
Audio  Amplifier 

6SQ7  r 


5<)uelch 
65  J  7 


FIG.  3 — Schematic  diagram  gives  details  oi  special  receiver  designed  and  built  lor 
carrier-current  crane  communication.  Controls  include  sensitivity,  volume,  and  squelch 
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FISH  TALK 


<  ■■ 


WorUag  wHh  (h«  M(-up  oboT*.  Dr.  ChilstoplMr  CootM  of  tho  Now  York  Zoological  Sodoty  Aqnarlma  has  closslflod  fish 
■oods  and  thoir  corrosponding  oudlblo  manilostattoas.  Troco  at  right  roprosonts  tho  sounds  of  issdlng  goldfish 


Osculotion  at  loft  and  corrosponding  oscillation  at  right  (^oo.  charoctoriso  on  amorous  pair  of  Malayon  ijiiiiiiimioi 
Mony  fish  mako  sounds  by  grinding  Iholr  tooth,  whllo  othors  blow  oir  from  swim  bloddors  to  mako  crooking  nolsos 


No  political  implicotioas.  lust  on  angry  bosflsh.  c^to,  osprossing  indignotion  oitor  haring  boon  iabbod  with  o  poncil. 
Gnmts  of  onnoyanco  form  ogitatod.  unoron  curros.  Happy  catfish,  bolow.  producos  purring  sound  picturod  at  tho  right 
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28-yolt  Operation 

of 

Receiving  Tubes 

By  C.  R.  HAMMOND,  E.  KOHLER  nil  W.  J.  LATTIN 

Ken-Kad  Tube  d  Lamp  Corporation,  Oweneboro,  Kentucky 


FIG.  1 — Typical  grid  current  character* 
Istics  ol  type  9003  pentode  in  contact 
potential  region 


establishing  design  practices,  equip¬ 
ment  performance  tolerEinces,  and 
choice  of  tube  types.  These  difllcul- 
ties  are  principally ; 

1.  Variation  of  grid  contact  po- 


average  gain  for  all  tubes  is  at  an 
undesirable  low  level.  A  good  com¬ 
promise  is  to  employ  grid-leak  bias 
which  evens  out  the  variations  of 
gain  from  tube  to  tube.  Tubes 


The  application  of  receiving 
tubes  at  plate  and  screen  volt¬ 
ages  of  28  volts  enables  the  designer 
of  aircraft  radio  and  related  equip- 
rhent  to  effect  substantial  simplifica¬ 
tions.  The  direct  use  of  the  aircraft 
primary  battery  for  the  B  supply 
permits  elimination  of  high-voltage 
generating  components  with  conse¬ 
quent  reduction  in  size,  weight, 
cost,  maintenance,  and  power  re¬ 
quirements  of  the  equipment.  Im¬ 
proved  reliability  and  efficiency  are 
also  obtained. 

Heretofore  there  has  been  a  lack 
of  published  data  and  performance 
ratings  covering  operation  of  avail¬ 
able  thbe  types  from  a  28-volt  B 
supply!  This  paper  attempts  to  pro¬ 
vide  this  data  for  t5T)ical  operation 
of  standard  r-f  pentodes,  triodes, 
and  voltage  amplifier  types.  Single- 
ended  12-volt  metal  types  were 
chosen  mainly  because  they  have 
been  the  accepted  standard  of  the 
Services  and  of  the  majority  ,  of 
leading  aircraft  radio  manufactur- 


tential  between  tubes  of  a  given 
type. 

2.  Greater  percentage  variation 
of  transconductance  and  other  char¬ 
acteristics,  for  certain  types  (tube- 
to-tube)  than  is  experienced  with 
the  same  tubes  at  maximum  voltage 
ratings. 

3.  The  wide  range  of  battery 
voltage  (occurring  in  the  aircraft) 
over  which  satisfactory  tube  per¬ 
formance  must  be  obtained. 

Tube  operation  at  28  volts  plate 
and  screen  supply  makes  it  neces¬ 
sary  to  employ  the  lowest  possible 
bias.  At  zero  bias  with  low  grid  cir¬ 
cuit  resistance,  an  obvious  difficulty 
with  grid  current  loading  of  tuned 
circuits  arises.  At  low  orders  of 
fixed  or  cathode  bias  difficulty  is 
experienced  with  many  tubes  of  a 
large  lot  drawing  grid  current  be¬ 
cause  the  bias  is  not  high  enough 
to  overcome  the  contact  potential. 
If  the  bias  is  made  high  enough 
that  no  tubes  draw  grid  current  the 


which  tend  to  run  high  in  grid  con¬ 
tact  potential  also  tend  to  run  high 
in  transconductance,  and  vice  versa, 
so  that  tubes  with  high  G»  will  bias 
themselves  back  further  than  tubes 
with  low  G«. 

Effective  Grid  lias 

We  define  grid  contact  potential, 
as  employed  in  this  discussion  only, 
to  be  that  grid  potential  at  which 
the  grid  current  characteristic  (in 
the  absence  of  gas  or  positive  ion 
current)  intercepts  the  zero  grid 
current  axis.  The  grid  current 
characteristics  of  several  type  900! 
tubes  are  shown  in  Fig.  1.  The  grid 
contact  potential  values  are  approx¬ 
imately  —  0.7  volt  for  tube  1  and 
—  1.0  volt  for  tube  8.  The  values 
are  usually  found  to  lie  betweej 
—0.2  and  —1.2  volts  for  most  vac¬ 
uum  tubes  of  the  classes  discussed 
herein.  Since  the  potential  depends 
on  such  items  as  the  work  fun^ 
tions  of  emitting  materials,  mean 


ers.  Miniature  tube  types  are  in- 


TABLE  I— CHARACTERISTICS  OF  R-F  PENTODE 


eluded  because  they  will  exhibit  ad-  amplifier  types  with  28-volt  b  supply 


v,antages  in  vhf  equipment.  Data 
OB  several  GT  double-triode  types 
are  given,  since  it  is  thought  they 
may  find  application  as  phase  in¬ 
verters,  multivibrators,  or  oscil¬ 
lators. 


C^roflag  Problems  at  28  Volts 


'Operation  of  electron  tubes  with 
plate  and  screen  voltages  obtained 
directly  from  the  primary  28-volt 
aircraft  battery  offers  a  few  diffi¬ 
culties  whic^  must  be  recognized  in 


TYPE 

TRANS - 

H  PLATE 

PLATE 

SCREEN 

CUTOFF 

CONDUCTANCE 

RESISTANCE 

CURRENT 

CURRENT 

BIAS  • 

SAGS 

1300  A1  MHOS 

OVER  1  MEG. 

40  MA 

.10  MA 

-2  V 

I2SF7 

I07S  U  MHOS 

OVER  .4  MEG. 

2  0  MA 

.SOMA 

-9  V. 

I2SG7 

1325  M  mhos 

OVER  75  MEG 

.73  MA 

.35  MA 

I2SH7 

1200  Ai  MHOS 

OVER  2  MEG. 

.3SMA 

.15  MA 

-2  V 

I2SJ7 

1350  U  MHOS 

OVER  .75 MEG. 

I.OMA 

.30  MA 

-3  V 

I2SK7 

1350  M  MHOS 

OVER  .3  MEG. 

2.0  MA 

.60  MA 

-lOV. 

9001 

ilSO  AiMHOS 

OVER  .7  MEG 

.65  MA 

30  MA 

-3  V, 

9003 

I2S0  AiMHOS 

OVER  3  MEG. 

1.6  MA 

.70  M  A 

-10  V 

Cutoff  bias  for  trunsconductauce  of  inicrointios.  Data  In  this  table  was  obUifl'^ 
with  rated  heater  volta^fe.  plate  and  screen  voltage  of  28  volta  and  grid  bias  of  aero  volttl 
through  2  megohms.  -  •  i 
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Performance  of  pentodes  and  triodes  operated  directly  from  an 


aircraft  battery  as  B  sup¬ 
ply.  Grid  leak  bias  is  recommended  to  minimize  effects  of  grid  contact  potential  and  G„ 
variations.  Tables  show  performance  of  RC-coupled  amplifiers  in  28-volt  service 


C/.  RATED 


E/- RATED 


CONTROL  GRID  VOLTAGE 


FIG.  2 — Tranxconductance  vt.  control  grid  bios  for  remote 
cut-off  pentodes 


FIG.  3 — Transconductance  vs.  control  grid  bias  for  sharp  cut¬ 
off  pentodes 


FIG.  5 — Transconductance  of  r-f  pentodes  ts.  B  supply  Toltage. 
for  eight  different  tube  types 


FIG.  4 — Percentage  eariation  of  transconductance  of  r-f  pen 
todes  with  B  supply  Toltage 
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TABLE  n— TYPICAL  AUDIO  AMPLIFIEB  OPERATION  OF  TBIODra  AT  21  VOLTS 


TUBE  TYPE 

I2AH7GT 

I2J5GT 

I2SN7GT 

I2SR7 

8002 

HEATER  VOLTAGE 

12. • 

12.6 

12.6 

12.6 

6.3 

HEATER  CURRENT 

O.IS 

0.15 

0.30 

0.15 

0.15 

TRANSFORMER  OR  CHOKE  FED  A-F  AMPLIFIER 


I C  per  SECTION)! 


I  (PER  SECTION) 


PLATE  VOLTAGE 

_ _ 

28 

_ 2® _ 

_ 26 

VOLTS  " 

GRID  BIAS  VOLTAGE 

0 

-1 

0 

-1 

0 

-1 

0 

-1 

0 

-1 

VOLTS  " 

GRID  RESISTOR 

10 

0 

10 

0 

10 

0 

10 

0 

10 

0 

megohms”' 

PLATE  CURRENT 

1.25 

1.0 

1.2 

1.0 

1.2 

1.0 

1.0 

0.75 

0.50 

0.50 

MILLIAMPS~ 

TRANSCONDUCTANCE 

1200 

1100 

1625 

1450 

1625 

1450 

1150 

1000 

1150 

MOO 

MIC  ROM 

PLATE  RESISTANCE 

o 

o 

o 

o 

o 

12,250 

14,500 

12,250 

14,500 

15,750 

16.000 

17,750 

21,000 

OHMS  " 

AMPLIFICATION  FACTOR 

1  16.6 

16.5 

20 

21 

20 

21 

16 

16 

20.5 

23 

■ 

RESISTANCE  COUPLED 


F  AMPLIFIER 


PLATE  SUPPLY  VOLTAGE 

CRIP  BIAS  VOLTAGE _ 

GRID  RESISTOR _ 

PLATE  LOAD  RESISTOR 
FOLLOWING  GRID  RESISTOR 

PLATE  CURRENT _ 

AMPLIFICATION _ 

MAX  OUTPUT  (5V>  OIST) 


(PER  SECTION) 

1  (PER  SECTION)  1  1  1 

26 

26 

26 

26 

26 

VOLTS 

0 

0 

0 

0 

0 

VOLTS  ^ 

10 

10 

10 

10 

10 

megohms' 

0.05  0.10  0.22 

ao5  0.10 

0.22 

0.05  0.10 

0.22  0.05 

0.10 

0.22  0.05  0.10  0.22 

megohms' 

0.10  0.22  1.0 

0.10  0.22 

1.0 

0.10  022 

1.0  0.10 

0.22 

1.0  0.10  0.22  1.0 

megohms' 

275  150  75 

225  150 

75 

225  150 

75  250 

150 

75  175  100  50 

MICROAMPS 

9.5  II  12 

II  12 

13 

II  12 

13  6 

II 

12  10  11.5  13 

3  3.5  5 

2.5  3 

4 

2.5  3 

4  2.5 

3 

4  1.5  2  3 

RMS  VOLTS 

velocity  of  emitted  electrons,  area 
of  effective  electron  emission,  cath¬ 
ode  temperature,  ^id-cathode  spac¬ 
ing,  potentials  on  other  tube  ele¬ 
ments,  etc.,  it  is  impossible  to  hold 
the  value  to  that  djgree  of  uniform¬ 
ity  achieved  in  the  control  of  other 
parameters  during  the  manufacture 
of  vacuum  tubes. 

When  a  grid  leak  resistor  is  used, 
the  value  of  bias  for  the  tube  under 
consideration  will  be  found  at  the 
point  at  which  the  load  line  for  the 
resistor  intersects  the  grid  current 
characteristic  of  the  tube,  as  illus¬ 
trated  in  Fig.  1.  Thus  tube  1  will 
assume  a  bias  of  about  —0.5  volt 
and  tube  3  about  —0.7  volt  with  a 
2-megohm  grid  resistor.  If  both  of 
these  tubes  were  operated  with  a 
common  2-megohm  grid  resistor, 
they  would  both  have  a  bias  of 
—0.7  volt  determined  by  the  higher 
contact  potential  tube.  Therefore, 
it  may  be  desirable  in  many  cases 
of  28-volt  operation  to  use  separate 
isolating  resistors  for  each  tube  in 
the  avc  system  unless  the  effects  of 
higher  contact  potential  tubes  in 
increasing  bias  on  all  tubes  of  the 
avc  system  is  acceptable.  Of  course, 
in  some  instances  where  a  very  high 
value  of  d-c  diode  load  is  employed, 
the  diode  contact  potential  may  es¬ 
tablish  the  bias  for  the  tubes  on 
the  avc  line  and  the  use  of  separate 


isolating  resistors  would  not  be  im¬ 
portant. 


Mlalniilag  EfFecfs  of  Variatieas 

Since  the  minimum  bias  for  max¬ 
imum  gain  for  each  tube  of  a  lot 
is  established  by  the  grid  leak,  this 
method  of  bias  is  recommended  in¬ 
stead  of  cathode  bias  for  28-volt  op¬ 
eration.  While  cathode  bias  tends 
to  smooth  out  tube  variations,  it  can 
be  shown  that  cathode  bias  will  not 
minimize  G«,  variations  except  when 
the  bias  is  so  large  that  the  average 
G„  is  reduced  more  than  can  be 
tolerated  in  28-volt  operation.  Grid 
leak  bias  is  almost  as  effective  for 
smoothing  tube  variations  and  is 
inherently  available  in  most  avc 
systems.  For  this  reason  all  tube 
ratings  published  herewith  are 
made  with  a  2-megohm  grid  leak 
(with  the  exception  of  voltage  am- 


TABLE  m— TYPICAL  RESISTANCE- 
COUPLED  AUDIO  AMPLIFIER  OPERA¬ 
TION  OF  PENTODES  AT  28  VOLTS 
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plifiers  which  employ  a  10-megohra 
leak)  at  zero  external  bias.  The 
grid  signal  employed  is  0.10  volts 
rms. 

This  signal  is  standard  on  the  G. 
test  line  of  the  tube  plant  and  is 
employed  in  the  laboratory  so  that 
data  are  directly  useful  for  trans¬ 
lation  into  test  limits.  For  the  con¬ 
dition  of  zero  grid  circuit  resis¬ 
tance  at  28  volts  B  supply  the  value 
of  G«  observed  varies  negligibly 
as  the  grid  signal  is  reduced  from 
0.1  V.  For  the  condition  of  2  meg¬ 
ohms  grid  circuit  resistance  some 
grid  current  rectification  occurs, 
and  biases  the  grid  back  somewhat 
Therefore  higher  measured  values 
of  G«  will  be  observed  for  grid  sig¬ 
nals  less  than  0.1  volt. 

“High”  G«  types  show  more 
change  in  G„  with  signal  level  than 
“medium”  G«  types.  “Low”  G. 
tubes  of  a  given  type  tend  to  show 
more  change  than  “high”  G«  tubes. 
For  example,  when  the  grid  sipal 
is  reduced  from  100  millivolts  to  50 
millivolts  for  type  12SH7  the  high¬ 
est  tubes  increase  their  observed 
Gm  about  6  percent,  while  the  low¬ 
est  tubes  increase  it  about  9  per¬ 
cent.  For  type  12SG7  the  respective 
differences  are  3.6  percent  and  5 
percent,  and  for  type  12SK7  they 
are  1.2  percent  and  1.5  percent 
Thus  the  following  data  indicate 


IG.  6 — Parccntag*  Toriation  of  tronsconductonco  of  type 
9003  pontodo  hootor  Toltago 


FIG.  7 — Troniconductance  Toriotion  of  r-i  pentode*  with  28- 
Tolt  B  siipply 
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liphtly  lower  values  and  less  uni- 
ormity  than  might  be  obtained  in 
Irxuit  practice. 

The  average  characteristics  of 
cvcral  pentode  types  for  28- volt 
i])€ration  are  shown  in  Table  I.  The 
nutual  conductance  curves  for  re- 
otfl  cut-off  pentodes  are  given  in 
ig.  2,  and  for  sharp  cut-off  pen- 
jcs  in  Fig.  3.  These  curves  are 
If  the  condition  of  zero  grid  cir- 
lit  resistance,  and  the  high  value 
f  Gm  shown  for  some  types  at  bias 
alues  less  than  about  —0.76  volt 
111  not  be  realized  in  r-f  amplifier 
lications  with  2-megohm  grid 
ak  bias  (see  Table  I). 

niconductanc*  Variation*  at  28>Volt 
Dasign  Center 

It  is  of  practical  interest  to  note 
e  percentage  variation  in  trans- 
nductance  which  occurs  as  the  B 
ipply  voltage  is  varied.  Some  air- 
aft  radio  equipments  must  oper- 
te  over  a  range  of  22  volts  mini- 
m  to  32  volts  maximum,  or  —21 
ent  and  -|-14  percent  from  a  de- 
irn  center  of  28  volts.  From  a 
thode  temperature  standpoint 
*63  cannot  be  rated  for  supply 
’t-Hge  variations  greater  than  rtlO 
ent  for  continuous  operation. 
Tcver,  if  equipments  are  to  be 
asured  for  performance  at  ex¬ 


es -ecz- 2S  volts 

*l*eCN0  THRU  2  MEG 
‘^-ECI-O,  RK-TSOw 
*3-ECI*0,  RK-400tf 
•4-ECI--I.OVOLT 


tremes  of  voltage  variation.  Fig.  4 
and  5  show  the  order  of  variation  in 
stage  gains  to  be  expected  for  each 
tube  tyi)e  as  the  B  voltage  is  varied 
(heater  voltage  constant).  The  dis¬ 
advantage  of  “high  G«”  tubes  such 
as  types  6AG5,  12SG7,  and  12SH7 
is  apparent. 

Typical  transconductance  varia¬ 
tions  as  a  function  of  heater  volt¬ 
age  (B  voltage  constant)  are  illus¬ 
trated  in  Fig.  6.  Both  effects  must 
be  tolerated  and  allowed  for  in 
equipment  performance  test  spec¬ 
ifications.  Figure  6  also  demon¬ 
strates  that  contact  potential  bias 
is  to  be  preferred  over  fixed  or 
cathode  bias  if  variation  in  trans¬ 
conductance  over  a  range  of  heater 
voltage  is  an  important  considera¬ 
tion. 

There  is  one  point  which  should 
be  emphasized  in  connection  with 
28-volt  operation  of  standard  re¬ 
ceiving  tubes.  It  is  that  a  tube  rated 
for  a  very  high  transconductance  at 
higher  voltages  will  not  necessarily 
exhibit  a  higher  transconductance 
at  28  volts  than  the  medium  trans¬ 
conductance  tubes  such  as  the  t3rpes 
12SJ7,  12SK7,  etc.  The  curves  of 
Fig.  4  and  5  demonstrate  this  fact. 
Furthermore,  many  of  the  very 
high  transconductance  types  are 
rated  with  —1.0  volt  bias  at  maxi¬ 


mum  plate  and  screen  voltage  rat¬ 
ings,  and  no  appreciable  reduction 
in  bias  is  obtained  with  grid  leak 
bias.  For  tubes  like  types  12SJ7 
and  12SK7  which  are  rated  with 
—3.0  volts  bias  at  maximum  volt¬ 
age  ratings,  it  is  possible  to  reduce 
the  bias  sufficiently  for  28-volt  op¬ 
eration  that  a  value  of  transcon¬ 
ductance  is  obtained  equal  to  or 
better  than  that  of  the  “high  GJ’ 
types.  In  addition,  the  “medium 
Gm”  types  exhibit  tube-to-tube  uni¬ 
formity  at  28  volts  comparable  to 
that  obtained  at  maximum  voltage 
ratings,  while  the  “high  GJ*  types 
do  not. 

SalactioR  of  Tub*  Types 

The  comparative  average  trans¬ 
conductance  and  the  typical  range 
of  variation  between  tubes  of  a 
given  lot  are  illustrated  in  Fig.  7 
for  several  types.  This  figure  should 
assist  the  designer  who  is  critical 
of  product  variations  in  the  selec¬ 
tion  of  types  to  be  used.  Figures  2 
and  3  should  be  useful  in  the  choice 
of  types  for  a  particular  applica¬ 
tion.  For  most  r-f  and  i-f  applica¬ 
tions  with  avc  the  12SK7  appears  to 
be  a  good  selection  both  from  the 
standpoint  of  average  characteris- 

(Continued  on  page  379) 
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E>-RATED.  ECl-O  THRU  2  MEG 
Eb  -  28  V  .  EC2  -  28  V 

THE  POtNT  AT  THE  OBTUSE  ANCLE  OF  EACH 
TRIANGLE  INDICATES  THE  AVERAGE  VALUE  FOR 
A  GROUP  OF  too  TUBES .  THE  POINTS  AT  THE 
ACUTE  ANGLES  SHOW  THE  MAXIMUM  AND 
MMIMUM  VALUES  FOR  THE  GROUP  OF  KX)  TUBES 
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HEATER  VOLTAGE 


6AG5  I2SG7  I2SJ7  9001 

I2SF7  I2SH7  12SK7  9003 


T«mp*ratar*-controU«d  tMting  box  accommodatM  as  mccny  as  600 
crystal  units  at  a  time.  Manual  chscks  or*  mads  at  two^sg  Intsrrols 
‘OTsr  reqnlrsd  tsmpsroture  rcmgs.  For  rssultlng  data,  sss  Fig.  3 
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pass  from  equatorial  ground  tem¬ 
peratures  to  the  sub-zero  temper¬ 
atures  of  the  stratosphere  in  a  few 
minutes.  A  good  crystal  must  work 
efficiently,  no  matter  what  the  tem¬ 
perature. 

Crystal  Tssts 

For  the  above  reasons  each  crys 
tal  is  tested,  both  for  frequency  and 
activity,  over  the  entire  temper¬ 
ature  range  of  its  anticipated  u.^. 
A  minimum  activity  and  an  allow¬ 
able  frequency  deviation  are  set  up 
and  crystals  which  do  not  conform 
over  the  established  temperature 
range  are  rejected. 

Variation  in  frequency  with  a 
change  in  temperature,  or  temperi 


ature  coefficient*,  is  characteristii 
of  the  type  of  cut  made.  Frequency 
temperature  curves  of  some  of  tii( 
more  common  cuts  are  shown  ii 
Fig.  1.  These  curves  show  tha 
every  type  has  a  turning  point  a 
some  temperature.  To  hold  the  cry> 


Before  crystals  are  shipped 
from  the  laboratory,  they  are 
put  through  a  series  of  exacting 
tests  which  approach  as  nearly  as 
possible  the  conditions  and  treat¬ 
ment  encountered  in  actual  use. 

The  daily  testing  program  is 
broken  up  into  three  parts:  (1)  in¬ 
coming  inspection,  (2)  production 
testing,  and  (3)  acceptance  testing. 

In  the  incoming  inspection  de¬ 
partment,  all  component  parts  of  a 
crystal  unit  are  examined  as  they 
come  into  the  plant.  Holders,  elec¬ 
trodes,  springs,  gaskets,  name¬ 
plates,  etc.  are  visually  and  mechan¬ 
ically  examined  to  insure  proper 
workmanship  and  design.  Faulty 
material  is  discarded  or  reprocessed 
before  it  goes  to  the  assembly  line. 

Production  tests  are  made  on  the 
finished  units.  These  tests  cover 
frequency,  spurious  frequency,  ac¬ 
tivity,  drop,  and  altitude,  as  well  as 
visual  and  mechanical  inspection. 
Acceptance  testing  routine  includes 
starting,  full  load,  vibration,  im¬ 
mersion,  cleaning,  and  internal  in¬ 
spection.  These  will  be  discussed. 

Crystals  are  expected  to  operate 
efficiently  at  widely  different  tem- 


FIG.  1 — Tamparotar*  coaUidanti  ior  dilisrant  crystal  cuts  ors  Indicotsd  is 
tsnns  of  froquoncy  chongs.  Each  currs  roTSols  a  turning  point  at  soma 
choroctorlstlc  tomporoturs 


Tcrnparcdure  in  Dsg  C 


ELECTRONII 


TESTING  TECHNIQUES 


Step-by-8tep  account  of  characteristic  production  and  acceptance  hurdles  in  the  path  of 
a  crystal  oscillator  plate  before  its  final  approval,  with  details  on  procedures,  interpre¬ 
tation  of  results,  and  methods  of  reclaiming  initially  faulty  units 


FIG.  3 — Studies  of  fiee  crystals  under  frequency-temperature  test  shows 
only  No.  1  to  be  satisiactorlly  within  1000-cycle  tolerance.  Some  of  the  others 
can  be  adiusted  to  requirements,  some  must  be  reprocessed  by  further  grinding 
to  another,  higher  frequency 


tel  within  frequency  tolerances  set 
up  in  the  specifications,  it  is  impor- 
tent  that  the  turning  point  be  at 
the  middle  of  the  temperature  range 
to  utilize  the  symmetry  of  the 
curve. 

Turning  point  can  be  changed  by 
increasing  or  decreasing  the  B 
(ZZ')  angle.  This  is  shown  graph¬ 
ically  in  Fig.  2.  The  A  and  C  angles 
also  affect  the  turning  point  but  to 
a  much  lesser  degree.  By  way  of 
an  example,  assume  that  a  5000  kc, 
BT-cut  crystal  is  being  tested  from 
4-90  deg  C  to  —50  deg  C.  Suppose 
the  specifications  call  for  a  maxi¬ 
mum  frequency  deviation  of  not 
more  than  0.02  percent.  This  means 
that  the  allowable  deviation  is 
±:1000  cycles.  In  Fig.  3  are  shown 
several  cases  encountered  in  check¬ 
ing. 

Case  (1)  is  that  of  a  good  crystal 
having  its  peak  in  the  middle  of  the 
temperature  range  and  being 
within  tolerance  at  both  ends  of  the 
curve.  No.  (2)  is  mounted  too  high 
and  is  out  of  tolerance  at  room 
temperature.  Some  such  crystals 


can  be  repaired  and  brought  within 
tolerance  by  decreasing  the  air  gap 
between  crystal  and  electrodes. 
Usually,  however,  the  crystal  must 
be  ground  to  the  next  higher  fre¬ 
quency. 

Example  (3)  is  cut  at  the  wrong 
angle,  making  it  peak  at  the  wrong 
temperature,  so  it  cannot  be  used 
for  this  particular  temperature 
range.  No.  (4)  is  mounted  too  low 
at  room  temperature  and  goes  out 
of  tolerance  at  both  ends.  This 
crystal  can  be  repaired  by  very 
slight  grinding  and  a  thorough 
washing.  No.  (5)  has  a  spurious 
frequency  caused  by  coupling.'  This 
crystal  can  be  repaired  by  a  slight 
change  in  dimensions  of  the  blank. 

Current  Must  Held  Up 

Activity  of  a  crystal  is  required 
to  remain  above  a  certain  minimum 
over  the  entire  temperature  range.* 
First  of  all,  activity  is  a  function 
of  the  contour  and  geometric  di¬ 
mensions  of  the  crystal  blank.  By 
leaving  the  thickness  and  length  of 


a  blank  constant  but  changing  the 
width,  one  can  make  activity  go 
through  a  number  of  maxima  and 
minima.  A  typical  activity  curve  is 
shown  in  Fig.  4. 

Contour  of  the  faces  of  the  blank 
is  equally  important — affecting  the 
activity  in  a  similar  manner.  In 
manufacture  it  is  imperative  that 
the  geometrical  dimensions  and  flat¬ 
ness  required  for  obtaining  maxi¬ 
mum  activity  at  a  given  frequency 
be  determined  experimentally  be¬ 
fore  putting  that  frequency  into 
actual  production.  Even  though 
finishers  have  both  the  dimensions 
and  contour  as  perfect  as  possible 
and  have  maximum  activity  of  the 
crystal  at  room  temperature,  activ¬ 
ity  dips  may  occur  at  some  point  in 
the  temperature  range  which  will 
cause  a  crystal  to  fall  below  the 
activity  minimum.  In  Fig.  5  are 
shown  several  common  dips  found 
in  checking  crystals. 

In  No.  (1)  the  sharp  dip  over  a 
small  temperature  range  is  usually 
caused  by  improper  dimensioning 
of  the  blank,  resulting  in  interfer- 


Temperoitur*  In  Deg  C 


FIG.  2 — Turning  point  temperature  of 
0  speciiic  crystal  cut  depends  in  this 
manner  on  the  B  (ZZ')  angle.  This 
property  is  used  to  mointain  toleronce 
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Two  other  factors  which  affect 
overall  activity  of  a  crystal  in  the 
holder  are  size  of  air  gap  and  con¬ 
dition  of  contact  points  on  the  elec¬ 
trodes.  In  the  former  case,  reso¬ 
nance  occurs  at  a  certain  relation¬ 
ship  between  frequency  of  the  crys¬ 
tal  and  size  of  the  air  gap.  When 
component  motion  of  the  faces  of 
the  crystal  takes  place  in  the  direc¬ 
tion  of  the  electrodes,  a  supersonic 
air  pulse  is  set  up.  This  pulse  trav¬ 
els  across  the  air  gap  and  is  reflec¬ 
ted  back  to  the  crystal. 


of  sound  at  this  temperature  is 
1130  fps.  Substituting  in  Eq.  (1) 
1130X12  _nArw.o-.i_ 

Air  gap  resonance  has  much  less 
effect  in  thickness-shear  oscillators 
than  in  pure  thickness  oscillators. 


Prictioa  Resists  Activity 

The  second  factor,  condition  of 
the  contact  points  of  electrodes,  is 
important  because  friction  between 
the  electrodes  and  the  crystal  de¬ 
creases  activity.  Electrodes  are  lap¬ 
ped  perfectly  flat  and  then  polished 
on  very  fine  carborundum  paper  or 
with  optical  powder.  Reducing  fric¬ 
tion  increases  activity. 

Too  much  spring  pressure  will 
often  decrease  activity  since  it  in¬ 
hibits  vibration  of  the  crystal.  How¬ 
ever,  the  spring  has  to  prevent  slip¬ 
page  of  the  crystal  so  the  problem 
becomes  one  of  having  precisely 
the  right  pressure. 


Sapersoiiic  Interference 

When  the  total  path  traveled  by 
the  air  pulse  is  equal  to  the  wave¬ 
length  of  the  supersonic  wave,  in¬ 
terference  occurs  as  the  pulse  re¬ 
turns  to  the  crystal  surface.  Thus, 
for  any  particular  frequency,  there 
is  a  certain  size  of  air  gap  at  which 
interference  occurs  and  causes  a 
decrease  in  activity.  The  dimen¬ 
sions  of  a  resonant  air  gap  can  be 
calculated,  for  any  frequency,  from 
the  formula 


Bnll  Jar  serrM  in  altitude  test  when  pres¬ 
sure  is  reduced  to  Vi  in.  of  mercury. 
Ability  of  crystals  to  resist  atmospheric 
penetration  is  vital  in  aircraft  application 


Types  of  Apparatus 

Testing  equipment,  for  making 
the  temperature  runs,  varies  widely 
'  2/  in  design.  However,  there  are  two 

where  p  is  dimension  of  the  air  gap  general  types:  (1)  equipment  to 
in  thousandths  of  an  inch,  v  is  ve-  test  each  crystal  continuously  over 
locity  of  the  supersonic  pulse  the  entire  temperature  range  and 
(sound)  at  a  particular  tempera-  (2)  equipment  in  which  the  temper- 
ture,  and  /  is  frequency  of  crystal,  ature  can  be  held  constant  at  inter- 
By  way  of  illustration,  consider  vals  over  the  temperature  range 
an  8  Me  crystal  at  20  deg  C.  Velocity  while  a  large  number  of  crystals  are 


ing  modes  of  vibration  or  coupling. 
A  crystal  of  this  sort  is  repaired  by 
changing  the  dimensions  of  the 
blank  slightly  so  as  to  eliminate  in¬ 
terfering  modes.  There  appears  to 
be. a  correlation  between  the  spuri¬ 
ous  frequencies  mentioned  previ¬ 
ously  and  these  activity  dips.  Where 
one  occurs,  the  other  is  also  pres¬ 
ent.  Where  the  dip  is  a  gradual  one 
over  a  wide  temperature  range,  as 
No.  (2),  it  is  termed  a  mechanical 
dip.  This  is  usually  caused  by  slip¬ 
page  of  electrodes  or  change  of 
spring  pressure.  Sometimes  the 
crystal  is  slightly  undersize  and 
shifts  in  the  case.  Repair  for  such 
a  crystal  consists  of  changing  the 
spring  or  electrodes.  No.  (3)  and 
(5)  dip  out  at  the  temperature  ex¬ 
tremes.  This  means  poor  contour 
on  the  crystal  or  electrodes,  or  both. 
Changing  of  electrodes  will  often 
remedy  this  situation,  but  it  is 
sometimes  necessary  to  lap  the 
blank  to  the  next  higher  frequency. 
No.  (4)  dips  out  completely  at 
0  deg,  which  reveals  water  vapor  in 
the  holder.  In  this  circumstance,  a 
new  holder  is  used.  No.  (6)  is  a 
good  crystal  showing  only  slight 
variations  due  to  slippage  of  the 
spring  used  to  hold  the  electrodes 
in  contact  with  the  crystal. 


Thickness  htid  consfanf 
Widfh  he/cf  consfanf^^ 
af  495  mi/s  i  I 


519  517.3  5ia9  609.6  507.8  506.9  503.1 

519.7  518.9  515.6  510  509  507.5  504 

Length  in  Mils 


FIG.  4 — Eloctricol  aettvity.  at  constant  thickness  and  width  of  crystoL  relotes 
to  length  in  occordance  with  this  typical  curve.  Satisfactory  crystal  must 
not  hove  an  activity  dip  going  beiow  the  established  minimum  anywhere  in 
temperature  remge 
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checked  at  each  interval  for  activity 
and  frequency.  Recording  of  fre¬ 
quency  and  activity  may  be  either 
manual  or  automatic.  The  auto¬ 
matic  self-recording  test  apparatus 
is,  of  course,  the  most  convenient  to 
use.  But  it  does  not  adapt  itself 
^  to  mass  production  so  well  as  man¬ 
ual  means — the  reason  being  that  it 
entails  prohibitive  cost  to  have 
enough  testing  units  to  care  for 
large  numbers  of  crystals.  Most 
laboratories  use  a  simple  insulated 
box,  similar  to  that  illustrated, 
which  will  accommodate  from  50- 
600  crystals  at  a  time.  These  are 
placed  in  an  indexed  wheel  inside 
the  box  and  the  crystals  checked  at 
intervals  of  two  degrees  over  the  en¬ 
tire  range. 

In  the  general  run  of  crystals  ap¬ 
proximately  85  percent  pass  the  ac¬ 
tivity  and  frequency  tests  on  the 
temperature  run.  Of  the  15  percent 
failures,  about  14  are  activity  and 
1,  frequency  rejects.  Rejected  crys¬ 
tals  go  to  the  repair  department 
where  they  are  reworked.  About 
50  percent  of  the  repaired  crystals 
pass  upon  being  retested.  Those 
thrown  out  on  the  second  run  are 
again  reworked,  being  checked  for 
contour,  twinning,  and  flaws  and  on 
the  next  temperature  run,  about 
:  25  percent  pass.  General  practice  is 
to  discard  those  failing  on  the  third 
run. 

Shock,  FreqaoRcy,  and  Sealing 

Another  production  test  is  used 
for  determining  the  mechanical  sta¬ 
bility  of  a  crystal.  Each  unit  is  per¬ 
mitted  to  fall  flve  times  from  a 
height  of  eight  inches  to  a  horizon¬ 
tal  two-inch  oak  plank  (most  plants 
have  substituted  several  sharp  taps 
on  an  oak  plank  for  the  drop  test) . 
After  the  drop  test,  there  must  be 
no  resulting  damage  to  the  unit  and 
activity  must  not  have  changed 
more  than  10  percent  nor  fre¬ 
quency  more  than  0.002  percent. 

Crystals  are  tested  at  room  tem¬ 
perature  for  spurious  frequencies. 
This  is  done  by  placing  the  unit  in 
a  tuned-plate  oscillator  and  tuning 
the  plate  circuit  over  the  frequency 
range  (5-10  Me).  The  crystal  must 
oscillate  at  a  single  frequency. 

For  testing  the  seal  on  aircraft 
crystals,  a  reduced  pressure  test  is 
used.  Each  unit  must  be  sealed  so 
that  when  subjected  to  an  absolute 
external  pressure  of  i  in.  of  mer- 
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FIG.  S— ActlTlty  dipt  in  production-tetted  crystals  take  these  iorms.  each  oi 
which  reTeals  some  characteristic  trouble.  For  instance.  No.  4  exhibits 
presence  oi  water  Topor  which  halts  actiTity  at  ireexing  point 


cury,  ten  minutes  is  required  for  the 
pressure  inside  the  unit  to  drop  to 
i  atmosphere.  Testing  is  done  with 
a  device  as  illustrated  which  meas¬ 
ures  the  ion  current  through  each 
crystal  when  a  d-c  potential  of 
1000-2000  volts  is  applied  to  the 
crystal  unit  in  series  with  a  high 
resistance. 

Here  is  the  purpose  of  this  test. 
If  a  crystal  has  an  air  leak,  internal 
pressure  decreases,  due  to  a  de¬ 
crease  in  atmospheric  pressure,  as 
the  plane  carrying  it  ascends.  When 
the  plane  is  in  a  dive,  or  descends, 
atmospheric  pressure  on  the  outside 
increases — forcing  air  into  the 
holder.  If  the  plane  goes  through  a 
cloud  where  humidity  is  high,  the 
entering  air  is  moist.  This  mois¬ 
ture  condenses  in  the  holder,  short- 
circuiting  the  unit. 

Ixaminatlon  Ends  Prodnetion  Checks 

Close,  visual  external  inspection 
of  the  flnished  product  is  the  last 
production  test.  Causes  for  most 
common  rejections  are  bad  prongs, 
scratches  or  chips  in  the  Bakelite 
case,  and  poor  lettering  or  stamp¬ 
ing.  In  each  circumstance  these  are 
set  aside  to  be  repaired.  Bad  prongs 
are  caused  by  faulty  soldering  of 
the  tips  or  scratches  exposing  the 
brass.  Prongs  are  made  of  nickel- 
or  chrome-plated  brass.  If  the  brass 
is  exposed  the  crystal  is  rejected 
because  brass  tarnishes.  In  these 
cases,  the  prongs  are  resoldered, 
smoothed  down,  and  replated  elec- 
trolytically.  Scratched  or  chipped 
holders  are  replaced  with  new 
ones.  If  the  stamping  is  bad,  it  is 


usually  buffed  off  and  re-done.  In 
some  cases  addition  of  whiting  will 
remedy  the  situation. 

Aeenptancn  Tests 

At  this  point,  crystal  units  are 
submitted  to  inspectors  for  accep¬ 
tance.  These  inspectors  do  not 
check  every  crystal  through  all  their 
tests.  In  most  cases,  they  make  a 
spot  or  type  test.  This  involves  tak¬ 
ing  at  random  a  group  of  30  crys¬ 
tals  out  of  each  thousand.  These 
are  submitted  to  visual  and  mechan¬ 
ical  inspection;  frequency,  activity, 
starting,  spurious  frequency,  full 
load,  drop,  seal,  vibration,  and  im¬ 
mersion  tests;  cleaning;  and  in¬ 
ternal  inspection. 

The  manufacturer  submits  crys¬ 
tals  in  groups  of  1000.  Inspectors 
select  30  at  random  from  the  group 
of  1000  and  run  them  through  the 
various  tests.  If  more  than  one 
crystal  fails  out  of  the  group  of  30, 
another  30  crystals  is  selected  from 
the  original  1000.  If  3  or  more  units 
fail  out  of  the  two  groups  of  30, 
(60  crystals)  the  original  1000 
crystals  are  rejected  and  cannot  be 
shipped. 

At  this  point,  the  manufacturer 
may  rework  the  thousand  crystals 
and  re-submit  30  for  another  spot 
check,  or  he  may  submit  the  entire 
1000  units,  without  reworking,  to 
be  run  through  all  the  acceptance 
tests. 

Acceptance  tests  are  primarily 
the  same  as  the  production  tests 
with  these  exceptions :  In  the  start¬ 
ing  test,  a  crystal  is  measured  for 
(Continued  on  page  380) 
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EFFICIENCY  OF 


Induction  Heating  Coils 


Examination  of  the  action  occurring  in  induction  heating  of  metals,  including  analysis 
of  current  distribution  in  work  coil  and  load,  relation  between  frequency  and  coupling 
efficiency,  impedance  considerations  and  discussion  of  factors  affecting  choice  of  frequency 


IN  induction  heating  of  metals, 
the  object  to  be  heated  is  placed 
in  the  field  of  a  suitably  designed 
coil  which  is  carrying  an  alternat¬ 
ing  current.  Currents  are  then  in¬ 
duced  in  the  object,  generating  heat 
without  contact.  The  action  is  that 
of  a  transformer  with  the  second¬ 
ary  short-circuited. 

EqaivaiMt  Cireait  for  ladactioa 
Haatiag 

In  the  circuit  of  Fig.  1,*  a  coil 
of  inductance  Li  and  resistance 
is  placed  across  the  terminals  of  a 
generator  which  is  developing  a 
voltage  F,.  The  generator  may  be  a 
rotating  machine,  a  spark-gap  os¬ 
cillator,  or  a  vacuum-tube  oscil¬ 
lator.  A  piece  of  metal  to  be  heated 
may  be  represented  as  the  shorted 
secondary  turn  with  a  resistance 
Rt  and  an  inductance  L,.  The  cir¬ 
cuit  equations  are 


of  the  load  or  shorted  turn,  while 
the  inductance  of  the  work  coil  has 
decreased. 

Let  Q  =  uiLJRt.  Then  the  in¬ 
crease  in  resistance  due  to  the 
presence  of  the  metal  to  be  heated 

and 

(J, 


Eqaatiest  for  EMciMey 

The  efficiency  of  the  heating  cir¬ 
cuit,  that  is,  the  ratio  of  the  power 
transferred  to  the  work  to  the  total 
power  supplied  is 


EflScieney 


AEi 


El  +  A 


El  -h 


(?)■ 


E, 


0* 


(6) 


Vi  -  [El  -h  jcoLi)  h  +  joiiilt  (1) 

and 

0  -  -H  [E,  +  7,  (2) 

where  f  is  the  frequency  in  cycles 
per  second,  m  equals  Inf,  and  M  is 
the  mutual  inductance  in  henrys. 
Elimination  between  these  .two 
equations  gives  the  impedance  pre¬ 
sented  to  the  terminals  of  the  gen¬ 
erator. 

Fi//i  =  Ei+j«L,-|-^-^^?-v- 
Ef  + 

„  I?  I 

Ei*  -h  («L,)* 

.  ,  («A0*L,  \ 

+',"r  "w  + wi  ® 

Thus  we  see  that  the  primary  resis¬ 
tance  is  increased  by  the  presence 


The  Q  of  the  secondary  circuit  is 
generally  much  larger  than  unity 
for  most  of  the  frequencies  used 
for  induction  heating.  The  varia¬ 
tion  of  the  factor  Q*/(Q*+1)  as  a 
function  of  Q  is  shown  in  Fig.  2. 
It  is  seen  that  as  Q  becomes  large, 
the  factor  in  question  approaches 


•  This  Is  the  circuit  treated  briefly  by 
C.  B.  Kirkpatrick,  Magnetic  Induction 
Field  of  Air-Core  Coils,  Wirelett  Enffineer, 
XX,  No.  239.  August,  1948,  p.  878. 


FIG.  1 — ^EqulTalant  circuit  for  induction 
hooding 


unity.  If  we  make  this  limiting  as¬ 
sumption,  Eq.  (6)  becomes 


Efficiency 


\U)  El 


(71 


At  high  frequencies,  the  current 
flowing  in  a  conductor  tends  to  con¬ 
centrate  near  the  surface.  The  cur-' 
rent  density  drops  off  exponentially 
with  the  depth.  A  depth,  s,  may  be 
defined  as  the  thickness  of  a  layer 
of  metal  which,  if  it  carried  uni¬ 
form  current,  would  present  the 
same  resistance  as  the  total  metal 
sheet  carrying  the  exponentially 
decaying  current.  Then 


(It 

where 

ftr  =  the  relative  permeability  of  the  metil 
O’  =  the  conductivity  of  the  metal  (mhoi 
for  a  ooitimeter  cube) 

/  =  frequency  (cycles  per  second) 

Since  this  layer  varies  inversely  as 
the  square  root  of  the  frequency,  it 
may  be  shown  that  the  resistance 
varies  directly  as  the  square  root 
of  the  frequency.  The  preceding 
statements  are  predicated  on  the 
assumption  that  the  metal  in  ques¬ 
tion  has  a  thickness  several  tines 
greater  than  the  skin  thickness,  s. 

Now,  if  the  metal  which  is  placed 
in  the  work  coil  has  a  thickness  or 
a  diameter  which  satisfies  these  re- 
quirements,  the  resistance  R,  which 
appears  in  Eq.  (7)  will  vary  as  the 
square  root  of  the  frequency.  How¬ 
ever,  the  same  statement  holds  true 
for  the  resistance  of  the  work  coil. 
R,.  In  this  case,  the  ratio  R,/R,  will 
be  simply  a  constant  which  is  inde¬ 
pendent  of  frequency,  and  the  effi- 
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FIG.  2 — Variation  of  factor  in  Eq.  (6)  with 
Q  of  induction-hBOting  secondary  circuit 
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Sioglc-turn  work  coU  boing  usod  for  localized  hardening  of  the  zlotted  lope  of 
•et  zcrewe.  The  rotating  Jig  automatically  dunks  each  screw  in  the  cooUng  troy 


lency  also  becomes  independent  of 

;j  t‘e(ju6ncy. 

It  should  be  remembered  that  we 
lave  assumed  that  Q  is  large,  and 
that  the  skin  thickness  is  small 
mpared  to  thickness  or  diameter 
^if  the  conductors  in  question.  Also, 
it  should  be  noted  that  this  reason- 
in^  cannot  be  extrapolated  into  the 
-^tremely  high  frequencies  where 
Hpacitance  effects  must  be  taken 
nto  account. 

Factors  AfFaetiag  Choice  of 
Fraqaaacy 

Since  the  efficiency  is  independ- 
'  nt  of  frequency,  it  is  interesting  to 
.•xamine  other  factors  which  may 
influence  the  choice  of  frequency. 
In  a  vacuum-tube  oscillator,  the 
;  ewer  is  limited  by  the  characteris¬ 
tics  of  the  particular  vacuum  tubes 
d  in  the  oscillator.  Then,  for  a 
r.xed  power  and  large  values  of  Q, 
'he  current  in  the  primary  is 


Ri  +  A^2i 


If  Rt/Ri  is  a  constant  ratio  inde- 
pcn.Riit  of  frequency,  the  current 
in  the  primary  for  a  constant  power 
is  inversely  proportional  to  the 
square  root  of  the  primary  resis¬ 
tance.  But  this  resistance  is  di¬ 


rectly  proportional  to  the  square 
root  of  the  frequency,  so  that 

/loc  !//•  •  (10) 

Under  the  assumption  we  have 
been  making,  the  inductance  at  the 
input  terminals  is  independent  of 
frequency.  Also,  the  reactance  at 
these  terminals  is  generally  large 
compared  to  the  resistance,  so  that 
the  voltage  at  the  terminals  is 

V,  -  u,(Li  +  Ain)  /,  (11) 

Taking  Eq.  (10)  into  consideration, 
we  see  that 

Vioc  /®  "  (12) 

We  may  thus  sum  up  our  obser¬ 
vations,  remembering  the  assump¬ 
tions  that  have  been  made  during 
the  course  of  the  development: 

1.  The  efficiency  of  power  trans¬ 
fer  is  independent  of  frequency. 

2.  The  reactance  at  the  input 
terminals  of  the  work  coil  varies 
directly  with  frequency. 

3.  The  resistance  at  the  termin¬ 
als  of  the  work  coil  varies  with  the 
square  root  of  the  frequency. 

4.  The  current  in  the  work  coil, 
for  a  constant  power  input,  varies 
inversely  as  the  one-fourth  power 
of  the  frequency. 

5.  The  voltage  in  the  work  coil, 
for  a  constant  power  input,  varies 
directly  as  the  three-fourths  power 
of  the  frequency. 

To  test  the  foregoing  conclusions, 
experimental  data  was  assembled 
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Fiwiuency  (tAnqacycles) 

FIG.  3 — Rasistanc*  and  aiiiciency  data  for 
a  work  coil  usod  in  inductiToly  hooting  an 
RCA-6A6  Tocuum  tubo 


0  S  10  15 

Frequency  (MeqKycles) 

FIG.  4 — Curront  and  Toltago  raiuos  on  the 
work  coil  usod  to  hoot  tho  RCA-6A6  toc- 
uum  itibo  whon  coil  powor  is  1000  wotts 


concerning  a  coil  placed  around  a 
vacuum  tube.  The  coil  in  question 
was  a  helix  or  solenoid,  consisting 
of  copper  tubing  which  had  a  diam¬ 
eter  of  5/32  inch,  wound  to  form 
eleven  turns  which  were  2i  inches 
in  diameter.  The  length  of  the  coil 
was  3i  inches.  The  work  or  object 
to  be  heated  was  an  RCA-6A6  va¬ 
cuum  tube+. 

Exp«rimMfal  VcrHicatioa 

Measurements  were  first  made  of 
coil  resistance  and  reactance  with 
the  vacuum  tube  out.  The  coil  was 
found  to  have  an  inductance  of  2.76 
microhenries,  which  remained  es¬ 
sentially  constant  over  the  range 
of  frequencies  at  which  measure¬ 
ments  were  made.  The  resistance 


Frequency  (Megacycles) 

FIG.  5 — Resistance  values  of  multi-turn 
work-coil  closely  coupled  to  steel  load 


FIG.  6 — Reactance,  voltage  and  current  of 
multi-turn  work-coil  closely  coupled  to  steel 
lood 
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FIG.  7 — Current-carrying  conductor  obove 
and  poroUel  to  a  conducting  sheet 


Rx  varied  with  frequency  as  shown 
in  Fig.  3.  Then  the  vacuum  tube 
was  inserted  in  the  coil  and  the 
measurements  repeated.  The  in¬ 
ductance  decreased  only  about  one 
one-hundredth  of  a  microhenry. 
The  new  resistance  Ri  -1-  ARi  is 
shown  in  Fig.  3. 

Efficiency  of  power  transfer  is 
also  shown  in  Fig.  3.  This  curve 
was  computed  directly  from  the 
measured  values  of  resistance.  We 
see  that  the  efficiency  lies  between 
72.0  and  78.5  percent  for  all  fre¬ 
quencies  between  1  and  15  Me. 

The  current  in  the  coil  under 
load  conditions  and  the  ^voltage 
across  the  terminals  of  the  coil  are 
shown  in  Fig.  4  for  the  case  where 
the  available  power  is  1000  watts. 
The  coil  current  is  approximately 
50  amp  at  a  frequency  of  1  Me,  and 
decreases  to  about  20  amp  when  the 
frequency  has  increased  to  15  Me. 
Since  Fig.  3  shows  that  the  effi¬ 
ciency  is  approximately  the  same 
at  the  two  frequencies,  the  coil  will 
not  get  any  hotter  with  the  in¬ 
creased  current  at  the  low  fre¬ 
quency  than  it  will  at  the  higher 
frequency  with  less  current.  On  the 
other  hand,  the  voltage  is  less  than 
1000  volts  at  the  low  frequency 
while  it  rises  to  more  than  5000 
volts  at  15  Me. 

Huatlsg  a  St««l  Cylindar 

The  high  voltages  shown  here  are 
due  to  the  loose  coupling.  Closer 
coupling  to  the  work  will  make  ALi 
have  a  greater  numerical  value,  so 
that  the  total  reactance  will  be  de¬ 
creased.  This  important  effect  of 
close  coupling  will  be  illustrated  by 

t  An  RCA-6A6  tube  was  cbosen  as  a 
convenient  load  for  obtaining  these  data, 
but  this  heating  operation  was  simply  a 
laboratory  experiment  which  had  no  con¬ 
nection  with  the  manufacture  of  this  type 
of  tube. 


means  of  another  example.  The 
work  coil  was  very  similar  to  the 
one  used  for  coupling  to  the  RCA- 
6A6  tube.  Copper  tubing  which 
had  a  diameter  of  5/32  in.  waa 
wound  to  form  11  turns.  The  total 
length  of  the  coil  was  3i  in.,  and 
the  inside  diameter  of  the  coil  was 
4.92  cm.  This  coil  was  placed  around 
a  steel  cylinder  which  had  a  diam¬ 
eter  of  4.76  cm.  Thus  the  spacing 
between  the  coil  and  the  steel  cylin¬ 
der  was  0.08  cm. 

The  measured  values  of  Ri  and 
Ri  +  ARi  are  shown  in  Fig.  5,  to¬ 
gether  with  the  calculated  values  of 
ARi.  The  efficiency  calculated  from 
Eq.  (6)  is  exactly  90  percent  over 
the  range  of  frequencies  at  which 
measurements  were  made  so  there 
is  no  need  to  show  the  results  in 
'  curve  form. 

The  measured  values  of  reactance 
with  and  without  the  steel  cylinder 
are  shown  in  Fig.  6.  Because  of 
the  close  coupling,  the  reactance 
drops  a  great  deal  when  the  cylin¬ 
der  is  inserted.  The  effect  of  this 


((Centimeter*) 


FIG.  8 — Current  distribution  in  tbs  sheet  i« 
a  filamentary  conductor  at  various  heighti 
above  the  sheet 

is  remarkable  when  the  voltage 
across  the  coil  is  considered.  Figure 
6  shows  that  this  voltage  lies  be¬ 
tween  80  and  160  volts  when  the 
operating  frequency  is  between  0.5 
and  2.4  Me.  The  current  in  the  coil 
as  a  function  of  frequency  is  also 
shown  in  Fig.  6. 

Analysis  of  Single-Tnrn  Cenplisg 
Coil 

At  times,  it  becomes  necessary  to 
couple  to  a  cylinder  of  metal  with 
a  single-turn  coil  closely  spaced 
to  the  work.  Then  the  coil  imped¬ 
ance  is  very  low  and  transformers 
must  be  used  to  obtain  efficient  op¬ 
eration.  This  is  true  in  many  sol- 
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dering  operations  and  in  the  prac¬ 
tice  of  scanning  for  case-hardening 
of  steel  by  self-quenching.  Before 
considering  the  transformers  which 
may  be  used  in  this  operation,  it 
seems  desirable  to  examine  the  ac¬ 
tion  of  the  single-turn  coupling  coil. 
If  the  cylinder  to  be  heated  is  of 
large  diameter,  the  case  may  be 
simplified  by  treating  the  problem 
as  a  straight  conductor  parallel  to 
a  flat  sheet  of  metal  of  great  thick¬ 
ness. 

In  PMg.  7,  we  see  a  long  conductor 
parallel  to  a  conducting  layer  and 
k  units  above  the  layer.  This  fila¬ 
mentary  conductor  is  carrying  cur¬ 
rent  into  the  paper.  For  the  pur¬ 
pose  of  computing  fields  above  the  ' 
metal  layer,  we  place  another  con¬ 
ductor  or  image  h  units  below  the 
surface  of  the  layer.  This  image  is 
effectively  a  conductor  carrying 
current  out  of  the  paper.  At  a  point 
X  units  along  the  conducting  layer, 
as  shown  in  Fig.  7,  the  current- 
carrying  conductor  above  the  metal 
sheet  sets  up  a  magnetic  intensity 
vector  Hx  which  is  at  right  angles 
to  the  line  r  drawn  from  the  con¬ 
ductor  to  the  point  in  question.  The 
magnitude  of  this  magnetic  inten¬ 
sity  is 

Hi  -  I/2wr  (13) 

where  r  =  V^*  +  The  magnetic 
intensity  due  to  the  image  is  H,  and 
is  exactly  equal  to  Hi  in  magnitude 
but  points  in  the  direction  shown  in 
'  Fig.  7.  The  vector  sum  of  these  two 
'vccturs  is  parallel  to  the  surface  of 
the  layer  and  has  a  magnitude 
".which  is 

j  -  2Hi  coe  ^  -  2A  HJr  (14) 

Now  if  the  layer  is  a  good  conduc- 
;tor,  the  current  in  the  layer  will  be 
concentrated  near  the  surface.  Then 
the  current  density  J  in  amp  per 
jcm  in  the  little  patch  shown  in  Fig. 
7,  where  the  patch  is  of  unit  width 
nnd  X  and  h  are  in  cm,  is 


X!2 


CarrMt  Distribatios  \m  Matal  SbMt 

Figure  8  shows  the  current  dis¬ 
tribution  in  the  sheet  for  a  number 
of  values  of  h,  with  the  current  7  in 
the  conductor,  and  flowing  out  of 
the  paper,  equal  to  one  ampere.  We 
see  that  as  the  conductor  is  placed 
closer  to  the  layer  or  sheet,  the  cur¬ 
rent  density  increases  directly  be¬ 
low  the  conductor,  but  drops  off 
quickly  in  a  lateral  direction. 

To  sum  up  all  of  the  current  in 
the  sheet,  integrate  Eq.  (15)  from 
X  —  — ootox  =  -Hoo.  Then 

J*x  ®  J  ^  Tx  »  00  dx 

X--00  "tJx-0  **  +  x* 
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to  X  =  -|-  00,  we  have  the  power  lost 
in  the  sheet  in  a  slice  taken  at  right 
angles  to  the  cylindrical  conductor, 
where  the  thickness  of  the  slice  in 
the  direction  along  the  conductor  is 
one  centimeter.  If  P*  equals  the 
power  lost  in  a  1-cm  slice  of  the 
metal  sheet, 

X  =  +  00 

Pm  ~  —  f  - 

a*  J 


2h*P  ? 
■Pan  J 


dx 

{h*  +  X*)  * 


--wjun 

w  h 


■id\: 


dx 

(**  +  X*)  * 


X  OO 

X  “  0 


The  total  current  flowing  in  the 
sheet  is  thus  equal  to  the  current 
assumed  to  be  flowing  in  the  single 
conductor. 


so  that 
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FIG.  11 — Currant  distribution  in  tho  con¬ 
ducting  shoot  whon  the  conductor  has  a 
finite  radius  and  h  =  1.0  cm 

We  will  now  proceed  with  a  con¬ 
sideration  of  the  losses  in  the 
sheet.  The  current  density  J  flows 
out  of  the  paper  in  a  small  patch 
of  unit  lateral  width  and  of  thick¬ 
ness  s.  This  dimension  s  (Fig.  9) 
is  the  skin  thickness  given  by  Eq. 
(8).  The  current  flowing  out  of  the 
patch  shown  in  Fig.  9  is  /  dx.  The 
resistance  of  the  patch  shown,  with 
a  length  of  one  centimeter  into  the 
paper,  is 

dR  =  l/cadx  (17) 

The  watts  lost  (PR)  in  this  small 
element  is 

(7  dx)»  dR  -  (18) 

If  we  now  substitute  Eq.  (15)  in 
(18)  and  integrate  from  x  =  —  oo 


Finite  Cyiindricai  Conductor 

Since  the  cylindrical  conductor 
generally  has  a  conductivity  and 
relative  permeability  different  from 
the  metal  sheet,  we  should  distin¬ 
guish  between  the  quantities.  Let 

(fm  =  conductivity  of  the  metal  sheet 

o,  =  conductivity  of  the  current-carrying 
conductor  placed  parallel  to  the 
sheet 

Hm  =  relative  permeability  of  the  metal 
sheet 

fit  =  relative  permeability  of  the  current- 
carrying  conductor 

Then  Eq.  (21)  should  be 

p.-'ijms  (22) 

*  V 

If  the  conductor  of  radius  a  is 
placed  far  enough  from  the  sheet  so 
that  the  presence  of  the  sheet  does 


FIG.  12 — Cross-section  of  cylindrical  con¬ 
ductor  and  image  In  the  sheet 


•v  i. 


’  I  J 


ISO  140  100  60  20  0  20  60  100  MO  JSO 

0  (Desratt) 

FIG.  13 — Current  distribution  on  the  cylin¬ 
drical  conductor  occasioned  by  the  pres¬ 
ence  oi  the  metal  sheet 


not  alter  the  current  distribution 
on  the  conductor,  the  current  on 
the  conductor  will  flow  in  a  thin 
layer  s  equal  to  the  skin  thickness 
(Fig.  10).  Then  the  power  lost  in 
a  centimeter  of  conductor  is 


p.  -  ^ —  -  ^19:^  (23) 

2t  oa«<r,  ay 

and  the  ratio  of  the  power  spent  in 
the  metal  sheet  to  the  power  lost 
in  the  conductor  is 


PJP, 

"  fit  <Tm 

Before  interpreting  Eq.  (24),  ex¬ 
amine  the  effect  of  the  altered  cur¬ 
rent  distribution  on  the  sheet  and 
on  the  conductor  due  to  close  spac¬ 
ing. 

When  the  conductor  has  a  finite 
radius,  a,  with  the  axis  of  the  con¬ 
ductor  a  distance,  h,  above  the 
metal  sheet,  the  fields  external  to 
the  conductor  may  be  computed  by 
replacing  the  cylindrical  conductor 
by  a  filament  carrying  the  current 
7  at  a  new  height,  h',  where 


The  effect  on  the  current  density  in 
the  metal  sheet  may  be  studied  by 
substituting  h'  for  h  in  Eq.  (15). 
Then 


J  (amp  per  cm) 


The  current  density  distribution  is 
shown  in  Fig.  11  for  a  number  of 


values  of  the  radius,  where  the 
height  of  the  conductor  is  equal  to 
one  centimeter.  Increasing  the 
radius  of  the  cylinder  has  the  same 
effect  as  bringing  a  thin  filament 
closer  to  the  metal  sheet. 

The  power  loss  in  the  metal  sheet 
may  be  obtained  by  substituting  h' 
for  h  in  Eq.  (22),  with  the  result 
that 


h  J  ffm 


1 


(27) 


Currant  DUtribntion  in  Cylinder 

The  current  distribution  around 
the  surface  of  the  cylindrical  con¬ 
ductor  may  be  obtained  by  using 
the  construction  of  Fig.  12.  By 
means  of  a  tedious  algebraic  con¬ 
struction,  it  may  be  shown  that  the 
current  density  on  the  surface  of 
the  conductor,  confined  to  a  layer 
s,  centimeters  in  thickness,  is 


J  (amp  per  radian) 


2ir 


-  (28) 


1  — —  cos  0 
n 


By  substituting  360°  for  2is  radians 
in  Eq.  (28),  we  may  express  the 
current  density  in  amperes  per  de- 


FIG.  14 — Coupl^g  clll^lcncy  oi  cylindrical 

conductor  parallel  to  a  metal  sheet 

gree.  This  has  been  done  in  con¬ 
structing  the  curves  of  Fig.  13.  The 
current  density  distribution  de¬ 
pends  only  upon  the  ratio  of  radius 
to  height.  When  the  conductor  is 
brought  very  close  to  the  metal 
sheet,  the  current  on  the  conductor 
crowds  around  to  the  side  closest  to 
the  sheet. 

The  power  loss  in  the  conductor 
is  found  by  integrating  the  PR  loss 
around  the  circumference  of  the 
conductor.  Then 


P, 


r.:: 


(Jd0)* 


<r«s«a  d0 


2iAx  vtS0 


J  t~9 


d0 


[l-ieo..]’ 


The  integral  itself  is  equal  to 

T  1 


■-(i)'V'-(J)' 


so  that 


P.- 


2irat0  <r« 


v-ay 

^t)' 


130) 


If  we  now  divide  Eq.  (27)  by  Eq, 
(30),  we  obtain 


Pm/P. 


iV 


Mm  g« 
M«  Vm 


(31) 


It  is  a  somewhat  surprising  fact 
that  this  result  is  identical  with 
the  result  shown  in  Eq.  (24)  which 
was  deduced  from  simple  assump¬ 
tions  which  did  not  take  into  ac¬ 
count  the  redistribution  of  current 
due  to  the  finite  conductor  size. 

Since  in  inductive  heating  the 
coupling  coil  is  usually  made  of  cop¬ 
per,  the  relative  permeability  n, 
may  be  set  equal  to  unity  for  sim¬ 
plicity.  The  efficiency  is  obtained 
from  Eq.  (31)  in  the  following 
manner. 
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Efficiency 


Pm 
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Pm  +  P. 
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Ellieieecy  Curves 

Figure  14  shows  the  variation  of 
efficiency  with  the  ratio  a/h.  The 
need  for  close  conductor  spacing  is 


FIG.  15 — Coupling  efficiency  as  a  funcllot 
of  conductivity 


Augmt  1944  —  ELECTRONICS 


I0(H- 


H 


2\ — L 


16— < 
mdi 


iCT-Oh 


1a<iiiy  seen,  f'igure  15  shows  the 
iency  curves  replotted  as  a  func- 
j;  of  The  conductivity 

^  the  conductor  is  important  in  de- 
jjLrinining  the  coupling  efficiency. 
M  where  a  copper  conductor  is  used  to 
Luple  to  iron,  the  coupling  effi- 
■ency  may  become  high.  However, 
B  is  sometimes  necessary  to  heat  a 
Bpper  article  by  induction.  At  the 
Lrt  of  the  heating  cycle,  the  ratio 
■/«,  is  unity  (fi„  =  1  for  copper). 


a  radius  many  times  larger  than 
the  diameter  of  the  conductor 
which  makes  up  the  coil  and  large 
compared  to  the  spacing  between 
the  coil  and  the  work,  we  may  use 
these  results  obtained  for  a  con¬ 
ductor  parallel  to  a  flat  sheet.  If 
the  circumference  of  the  load  is  C 
centimeters,  the  resistance  of  a 
single-turn  coil  may  be  obtained 
from  Eq.  (27)  and  (30).  This  re¬ 
sistance  is 


(30) 

Eq. 

(31) 
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[rom  Fig.  15,  we  see  that  the  best 
Able  efficiency  is  0.5  when  the 
^dius  of  the  conductor  is  equal  to 
height  above  the  sheet.  How- 
|rer,  for  practical  purposes  a/h  is 
than  unity,  so  that  the  coupling 
;iency  will  be  less  than  50  per- 
^nt  at  the  start  of  heating.  For- 
^nately,  the  picture  does  not  con- 
lue  to  be  so  gloomy.  The  coup- 
ig  coil  or  conductor  is  usually  hol- 
tubing  through  which  cooling 
iter  flows,  so  that  the  conductiv- 
of  the  conductor  does  not  change 
time  passes.  The  load  begins  to 
it  so  that  its  conductivity  de- 
This  results  in  an  im- 
^ovement  in  efficiency  so  that  the 
fnductivity  decreases  still  faster, 
id  soon  the  efficiency  assumes  rea- 
fnable  proportions. 

If  the  heating  coil  is  wrapped 
iound  a  cylindrical  load  which  has 


(32) 


on  of 
The 
mg  is 


il 


•  * 


iuncllwl 


iONiCS 


16  -Charaetoristlc  impedance  oi  cyl- 
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CharaetorUtic  iMpadaoco  of  Lead 


To  obtain  the  reactance,  we  must 
first  have  available  the  expression 
for  the  characteristic  impedance  of 
the  conductor  over  the  flat  sheet. 
This  is 

Z..60lo„[(e)(l+^l -(?)■)]  (34) 


SUMMARY  OF  DATA  IN  EXAMPLE 
FOR  THREE  VALUES  OF  h 


h  (cm)  .... 

. 0.44 

0.54 

0.64 

EflBciency  (%)... 84.2 

81.4 

78.5  • 

R  (ohms) 

. 0.0195  0.0156  0.0131 

Z,  (ohms)  . 

. 73 

87 

97 

X  (ohms)  . 

. 0Z3 

0.273 

0.304 

/  (amp  for 

1000 

w)  . 

. 226 

253 

276 

V  (volts  for 

1000 

w)  . 

. 52 

69 

84 

/  (amp  for  100,000 

w)  . 

. 2260 

2530 

2760 

V  (volts  for 

100,. 

000  w)  ... 

. 520 

691 

840 

This  characteristic  impedance  as  a 
function  of  a/h  is  shown  in  Fig.  16. 

The  single-turn  coil  around  the 
load  is  usually  fed  in  push-pull. 
Then  the  mid-point  of  the  coil  is  at 
ground  potential.  The  reactance 
between  one  terminal  of  the  coil 
and  the  work  is  then  the  character¬ 
istic  impedance  multiplied  by  the 
tangent  of  the  electrical  length  of 
the  semi-circumference.  The  total 
reactance  is  twice  this  value.  That 
is, 

2irCZ.  2r/Z/7 
— X — 3>ao5<“> 

Thus  we  have  at  hand  the  necessary 
formulas  for  computing  the  effi¬ 
ciency,  resistance,  reactance,  cur- 


FIG.  17 — A  currant  tronaiormer  which  is 
useful  for  inductire  heating 


rent  and  voltage.  A  casual  inspec¬ 
tion  of  these  equations  will  reveal 
that  .the  five  conclusions  reached 
early  in  the  paper  are  sustained, 
within  the  limits  of  the  restrictions 
placed  on  dimensions. 


Practical  Example 

*  The  magnitude  of  values  en¬ 
countered  when  a  single-turn  coil 
is  used  will  be  shown  by  means  of 
an  example.  The  following  con¬ 
stants  will  be  used: 

C  =  15.0  cm 
a  =  0.24  cm 
h  =  0.44  cm 

ffc  =  conductivity  of  copper  coil  = 
580,000  mhos  for  a  cm  cube 
om  =  conductivity  of  hot  steel  —  6000 
mhos  for  a  cm  cube 

ftm  =  imity  for  steel  above  the  Curie  point 
/  =10*  cycles  per  second 

From  Eq.  (32),  we  find  that  the 
efficiency  is  84.2  percent.  Substi¬ 
tuting  the  numerical  values  in  Eq. 
(33)  gives  a  resistance  of  0.0195 
ohm,  with  a  current  of  226.0  amp 
for  a  power  of  1000  watts. 

Since  a/h  is  0.545,  Fig.  16  gives 
73  ohms  for  the  characteristic  im¬ 
pedance.  Then  Eq.  (35)  shows  that 
the  reactance  is  0.23  ohm.  This  re¬ 
actance  multiplied  by  the  current 
gives  a  voltage  across  the  termin¬ 
als  of  the  coil  of  52  volts. 

The  table  gives  a  summary  of  this 
numerical  data  for  a  few  values  of 
h.  It  may  be  seen  that  increasing 
h  results  in  a  slight  increase  in  the 
current  to  be  handled  and  a  sharp 
increase  in  the  voltage  appearing  at 
(Continued  on  page  382) 
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Discussion  of  technical,  economic  and  human  considerations  involved  in  high-fidelity 
sound  reproduction  for  post-war  radio  receivers  and  broadcasting  systems 


The  term  “high  fidelity”,  as  used 
at  present  in  the  general  radio 
and  sound  reproduction  field,  has 
come  to  mean  an  extension  of  the 
audio  range  to  the  upper  frequency 
limits  of  audibility  of  the  human 
ear,  as  contrasted  with  a  range  lim¬ 
ited  to  the  usual  4000  or  5000  cycles. 
In  reality,  the  term  “high  fidelity” 
is  comparative,  and  it  would  be 
more  correct  to  think  of  it  as 
“higher  fidelity”. 

Today  there  is  available  to  the 
public  a  new  system  of  program 
transmission,  using  frequency  mod¬ 
ulation  of  the  very  high  frequency 
radio  spectrum,  where  suitable 
channel  spacing  has  been  allocated 
by  the  FCC  so  that  a  wide  audio 
band  can  be  transmitted.  In  the 
interest  of  providing  the  public 
with  a  better  radio  broadcasting 
service,  every  advantage  should  be 
taken  of  frequency  modulation  to¬ 
ward  establishing  improved  stand¬ 
ards  of  transmission  and  reception. 
However,  in  determining  these 
standards,  it  is  quite  important  to 
take  a  practical  view  of  what  con¬ 
stitutes  realizable  high  fidelity, 
bearing  in  mind  that,  in  the  overall 
result,  various  practical  mechanical 
and  electrical  limitations,  some 
physiological  and  psychological  phe¬ 
nomena  and,  last  but  not  least,  the 
actual  program  content,  are  ele¬ 
ments  fully  as  important  as  a  theo¬ 
retically  complete  sound  spectrum, 
or  perhaps  more  so. 

Fidelity  implies  a  faithful  repro¬ 
duction  of  the  original,  a  condition 
which  in  audio  systems  cannot  ac¬ 
tually  be  attained  but,  at  best,  only 
approached.  True  fidelity  would  re¬ 
quire  that: 

1.  The  system  not  discriminate 
in  any  of  its  component  parts 
against  any  frequency  within  the 
range  under  consideration. 

2.  No  component  part  of  the  en- 
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tire  system  introduce  false  har¬ 
monics. 

3.  There  be  no  amplitude  limita¬ 
tion  of  any  portion  of  the  spectrum 
in  either  transmission  or  reception. 

4.  The  system  be  free  from  phase 
distortion. 

5.  The  system  be  free  from  ex¬ 
traneous  noise. 

6.  The  loudspeaker  and  its  driv¬ 
ing  amplifiers  be  capable  of  repro¬ 
ducing  without  distortion  the  full 
frequency  range  at  loudness  levels 
suitable  for  all  listeners. 

7.  The  acoustics  of  both  the 
pick-up  and  listening  spaces  be  suit¬ 
able. 

8.  The  spatial  relationships  of 
the  sources  of  sound  be  transmitted 
and  reproduced.  This  last  probably 
requires  some  form  of  binaural  or 
stereophonic  system,  neither  of 
which  is  economically  feasible  for 
general  public  service  at  this  time. 

A  system  as  described  above, 
with  the  exception  of  binaural  or 
stereophonic  transmission,  is  not 
too  difficult  of  realization  from  a 
transmitting  standpoint.  It  might 
be  closely  approached  in  a  receiver 
reproducing  system,  but  the  cost 
would  probably  be  beyond  the  value 
which  would  be  placed  upon  it  by 
the  purchasing  public,  particularly 
if  the  receiver  were  required  to  re¬ 
produce  frequencies  from  30  to  15,- 
000  cycles. 

Balanced  Frequency  Response 

It  is  curious  that  the  emphasis 
in  general  discussions  of  high  fidel¬ 
ity  thus  far  has  been  on  an  exten¬ 
sion  of  the  upper  portion  of  the 
sound  spectrum,  and  little  has  been 
said  about  the  required  balance  be¬ 


tween  said  upper  portion  and  the 
lower  frequencies.  Actually  it  ha» 
been  discerned  on  the  basis  of  much 
observation  that  a  balanced 
quency  response  is  quite  essential 
to  program  enjoyment,  although 
this  balance  factor  has  not  yet  bees 
reduced  to  a  rigorous  mathematical 
formula.  One  authority  has  said, 
and  our  experience  has  confime; 
this  general  statement,  that  tk 
product  of  the  lower  and  upper  fre¬ 
quency  limits  should  equal  a  num¬ 
ber  in  the  vicinity  of  500,000.  A  sim¬ 
ple  example  will  show  the  approxi¬ 
mate  validity  of  this  hypothesis  a; 
indicating  the  importance  of  bal¬ 
ance.  A  system  having  frequoiiey 
response  limits  of  50  to  8,000  cycks. 
or  a  total  range  of  7,950  cycles,  k 
conceded  as  satisfactory  by  mes*; 
authorities.  If  we  retain  this  saree 
range  and  compare  it  with  a  rangf 
of  from  250  to  10,500  cycles,  there  i 
little  question  that  the  former 
preferable  for  reasons  of  general 
“naturalness”  but  particularly  btH 
cause  of  the  reproduction  of  a  s  :i)j 
stantial  range  below  250  cycl 
Note  that  with  a  range  of  60 
8000  cycles  the  bulk  of  prograr 
energy  is  in  the  band  centerin£ 
about  a  point  at  approx  i  mat elj 
700  cycles. 

Figure  1  shows  preferred  lowd 
and  upper  frequency  limits  in  whicl 
the  balance  is  properly  maintained 
It  will  be  noted  that  the  product  ol 
the  upper  and  lower  frequency  li® 
its,  as  has  been  specified,  is  appnoii 
mately  500,000.  Many  of  the  bette 
home  radio  receivers  of  conves 
tional  type  seem  to  fit  surprising!] 
well  within  these  frequency  limitt 

An  extension  of  the  frequenc; 
range  to  17,000  cycles  and  down  t 
30  cycles  would  encompass  the 
tire  audible  spectrum,  but  at  only 
small  percentage  of  the  total  tin 
would  there  be  any  appreciable  ft 
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FIG.  1 — ^Pralvrr^d  lower  and  nppor  frequency  limits  for  bal¬ 
anced  frequency  response  in  radio  receiTers.  For  any  gieen 
recelTor,  the  product  of  the  lower  and  upper  frequency  limits 
should  equal  approximately  500^00 


FIG.  2 — Frequency  response  curres  for  normal  ears  at  20 
years  of  age.  for  four  different  loudness  leesls  at  which  radio 
receiTers  may  be  operated.  At  low  IotoIs.  low-frequency 
sounds  con  barely  be  hecad 


rgy  in  the  region  above  10,000 
ycles.  Reproduction  of  frequencies 
bove  10,000  cycles  adds  only  to  the 
njoyment,  if  that  is  the  word,  of 
uch  things  as  key  jingles,  foot- 
teps,  handclapping  and  various  ex- 
raneous  noises  (non-musical)  from 
uaical  instruments,  such  as  resin 
queaks,  air  rush  from  wind  instru- 
ents,  and  the  like.  These  “sound 
fleets”  can  hardly  be  considered 
ssential  or  worth  high  cost  to  at- 
ain! 

Toee  Ceetrol  Settings 

Experience  and  various  surveys 
ave  shown  that,  even  when  listen- 
rs  have  receivers  capable  of  repro- 
ucing  frequencies  up  to  6,000  cy- 
les,  they  usually  operate  the  tone 
ontrol  to  restrict  the  audio  range 
0  an  upper  frequency  cut-off  some- 
here  between  2,600  and  4,000 
ycles.  Reasons  given  for  this  are 
hat  the  “tone  is  mellower”,  “more 
leasant”,  “less  obtrusive”,  etc. 
any  listeners  who  are  musically 
rained  and  who  appreciate  sym- 
hony  and  opera  are,  strangely 
nough,  numbered  in  this  class,  in- 
icating  that  this  procedure  does 
ot  stem  from  uncultivated  tastes 
ut  has  some  other,  more  general, 
asis. 

It  has  been  claimed  that,  if  dis¬ 
ort  ion  and  noise  were  eliminated 
ron  the  higher-frequency  band, 
■he  public  would  then  prefer  the  ex¬ 


tended  upper  range.  Perhaps  so,  if 
the  higher  range  is  properly  bal¬ 
anced  by  adequate  bass  reproduc¬ 
tion.  Distortion  and  noise  are  un¬ 
pleasant  at  any  portion  of  the  sound 
spectrum. 

Prasaat-Day  R*c«iv«rt 

Receivers  which  at  present  pro¬ 
vide  millions  of  listeners  with  many 
hours  of  enjoyment  seem  generally 
adequate  for  reproducing  the  intel¬ 
ligence  and  entertainment  con¬ 
tained  in  the  program  material. 
The  witticisms  of  Charlie  Mc¬ 
Carthy,  for  example,  are  just  as 
humorous  on  a  receiver  whose  fre¬ 
quency  range  is  200  to  3,000  cycles 
as  on  a  higher-fidelity  system. 

In  this  connection,  it  should  not 
be  overlooked  that  the  entertain¬ 
ment  and  attention-engaging  fac¬ 
tors  in  musical  listening  are  not 
concerned  with  quality  alone.  Such 
matters  as  appreciation  of  tech¬ 
nique,  melody  itself,  rhythm  and 
the  like,  are  of  great  importance 
to  the  musical  ear  and  all  these  of 
course  can  be  reproduced  satisfac¬ 
torily  within  a  reasonably  re¬ 
stricted  frequency  range. 

The  average  radio  listener  pur¬ 
chases  the  table  model  receiver  ra¬ 
ther  than  the  console.  The  former 
type  of  receiver  cannot  adequately 
reproduce  bass  frequencies,  the 
fundamental  reason  being  lack  of 
sufficient  physical  size.  It  is  only  in 


the  console  type  that  adequate  re¬ 
production  in  the  low-frequency 
range  can  be  approached,  but  few 
even  of  this  type  have  provided 
really  good  bass  response  free  from 
noticeable  cavity  resonance.  The 
higher  frequencies,  however,  may 
be  reproduced  with  properly  de¬ 
signed  smaller  receivers,  but  gen¬ 
erally  at  the  expense  of  an  undesir¬ 
able  directional  characteristic.  This 
varies  with  frequency  in  the  pre¬ 
ponderant  majority  of  loudspeak¬ 
ers,  so  that  reproduction  of  these 
higher  frequencies  is  accentuated 
in  front  of  the  speaker  and  de¬ 
creases  with  the  increase  in  angle 
from  the  loudspeaker  axis.  The  re¬ 
sponse  at  46  deg  is  substantially 
less  than  optimum,  even  at  fre¬ 
quencies  as  low  as  3,000  cycles. 
A  true  higher-fidelity  receiver 
must  so  distribute  the  higher  fre¬ 
quencies  that,  within  a  specified 
solid  angle,  the  response  at  all  fre¬ 
quencies  is  substantially  uniform. 

Acoustic  LimitatioM 

The  acoustic  conditions  of  the 
studio  and  listening  space  can  be 
controlled  only  over  a  frequency 
range  of  approximately  64  to  8,000 
cycles,  as  design  data  and  experi¬ 
ence  with  materials  and  completed 
rooms  is  available  only  within  those 
limits.  At  frequencies  of  4,000 
cycles  and  higher,  the  absorption 
(Continued  on  page  385) 
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INTRODUCTION  to 


A  serialized  elementary  treatment  of  the  non-sinusoidal  and  transient  wave  forms  that  have 
been  used  extensively  in  recent  electronic  developments.  In  this  first  part,  both  graphi- 
cal  and  mathematical  methods  are  used  to  explain  the  behavior  of  lumped  linear  circuits 
excited  with  non>sinusoidal  wave  forms  under  steady-state  conditions 


By  BEVERLY  DUDLEY 

Editor 


Recent  developments  in  the 
industrial  and  communica¬ 
tions  aspects  of  electronics  have 
employed  non-sinusoidal  wave 
forms  and  transients  in  greater  and 
greater  degree.  Indeed,  it  would 
appear  that  the  requirements  of 
modem  electrical  technology  have 
reached  the  stage  where  our  con¬ 
cepts  must  be  generalized  and  ex¬ 
panded  beyond  conventional  alter¬ 
nating  current  theory  to  account 
for  the  behavior  of  circuits^  when 
subjected  to  periodic  and  non-peri¬ 
odic  excitation  of  a  wide  variety  of 
wave  forms. 

It  will  be  the  purpose  of  this 
series  of  articles  to  discuss,  in  ele¬ 
mentary  fashion,  the  behavior  of  a 
few  simple  electric  circuits  com¬ 
posed  of  linear  elements  (in  which 
current  is  directly  or  inversely  pro¬ 
portional  to  voltage  for  any  fre¬ 
quency),  where  non-sinusoidal  and 
transient  voltages  and  current  wave 
forms  play  an  important  role.  An 
attempt  will  be  made  to  outline 
electric  circuit  behavior  under 
steady-state  as  well  as  transient 
conditions.  To  this  end  both  mathe¬ 
matical  and  graphical  methods  will 
be  employed.  The  mathematical  ap¬ 


proach  appears  to  be  most  suited 
for  use  when  exact  numerical  re¬ 
sults  are  desired,  or  where  general 
laws  are  to  be  formulated.  On  the 
other  hand,  graphical  methods  lend 
themselves  quite  admirably  to  an 
interpretation  of  some  of  the  funda¬ 
mental  processes  with  which  we 
must  deal. 

It  is  proposed  to  discuss  three 
phases  of  the  general  topic:  (1)  the 
general  voltage-current  relations 
which  exist  for  linear  circuit  ele¬ 
ments  and  their  applications  to 
steady-state  and  transient  non-sin¬ 
usoidal  wave  forms,  (2)  a  mathe¬ 
matical  and  graphical  interpreta¬ 
tion  of  the  behavior  of  simple 
circuits,  composed  of  linear  ele¬ 
ments,  under  steady-state  condi¬ 
tions  with  non-sinusoidal  wave 
forms,  and  (3)  the  analysis  of  sim¬ 
ple  circuits  under  transient  condi¬ 
tions,  with  emphasis  on  the  physical 
interpretation  of  the  method  of 
solving  the  circuit  equations. 

The  combination  of  transient  and 
steady-state  conditions  leads,  of 
course,  to  the  complete  solution  of 
the  behavior  of  the  electric  circuit. 
The  transient  solution  represents 
that  phase  of  circuit  behavior  which 


transpires  from  the  time  the  circuit 
is  subjected  to  an  initial  impulse  to 
the  time  when  a  steady  equilibrium 
condition  is  attained.  The  steady- 
state  condition  is  that  equilibrium 
state  of  affairs  which  exists  after 
the  transient  “cushion”  has  decayed 
to  a  negligibly  small  magnitude. 

FHiidamaiitals  of  ClrcMit  Bohovior 

The  fundamentals  of  linear  elec¬ 
tric  circuit  theory  are  equally  ap¬ 
plicable  to  transient  or  steady-state 
conditions.  With  emphasis  placed 
on  the  physical  interpretation,  those 
fundamental  concepts  which  will 
be  employed  may  be  stated  as  fol¬ 
lows: 

(1)  The  instantaneous  voltage 
across  a  resistor  is  equal  to  the 
product  of  its  resistance  in  ohms 
and  the  instantaneous  value  of  the 
current  in  amperes  flowing  through 
it. 

(2)  The  instantaneous  value  of 
the  voltage  drop  across  an  inductor 
is  equal  to  the  product  of  its  induc¬ 
tance  in  henries  and  the  time  rate 
of  change  of  the  current  flowing 
through  it  in  amperes  per  second. 

(3)  The  instantaneous  value  of 
the  current  flowing  through  a  ca¬ 
pacitor  is  equal  to  the  product  of 
its  capacitance  in  farads  and  the 
time  rate  of  change  of  the  voltage 
across  its  electrodes  in  volts  per 
second. 

(4)  A  magnetic  field  surround¬ 
ing  an  inductor  is  produced  when 
an  electric  current  flows  through  it 

(5)  An  electric  field  is  estab¬ 
lished  between  the  two  conductors 
of  a  capacitor  when  a  difference  of 
potential  exists  between  them. 

(6)  A  finite  amount  of  time  is 
required  to  establish  an  electric  or 
a  magnetic  field. 
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FIG.  1 — General  typ*  of  leriea  circuit  consisting  of  linear 
slomsnts  R,  L,  and  C 


FIG.  2 — Goneral  typo  of  parallel  circuit  composed  of  linear 
elements  Ry  L.  and  C 


(7)  The  superposition  theorem 
may  be  applied  to  circuits  composed 
of  linear  circuit  elements,  that  is, 
to  circuit  elements  whose  properties 
are  independent  of  the  voltage 
across  or  the  current  through  them. 
The  superposition  theorem  states 
that  in  a  network  composed  of  lin¬ 
ear  circuit  elements,  each  electro- 
;  motive  force  produces  a  current  in¬ 
dependent  of  any  other  electromo¬ 
tive  force,  the  electromotive  forces 
and  currents  of  which  may  be  added 
algebraically  to  obtain  the  result¬ 
ant.  The  ability  to  superpose  cur¬ 
rents  and  voltages  of  a  given  fre¬ 
quency,  independently  of  those  of 
other  frequency  and  of  transients, 
is  a  direct  consequence  of  the  re¬ 
striction  that  only  linear  circuit 
elements  are  under  discussion.  The 
superposition  theorem  does  not  ap¬ 
ply  (at  least,  not  without  exten¬ 
sion)  to  non-linear  elements. 

(8)  For  circuits  employing 
►  ries  connections,  KirchhofT’s  volt¬ 
age  law  applies.  This  law  states 
that  the  total  voltage  drop  across 
ill  electric  circuit  is  equal  to  the 
'  im  of  the  voltage  drops  across 
-aiti  of  its  circuit  elements,  and  is 
equal  to  the  sum  of  the  voltage 
rises  or  impressed  electromotive 
forces. 

(9)  For  circuits  employing  par- 
Ht'I  connections,  Kirchhoff’s  cur- 

rt  nf  law  is  valid.  This  law  states 
that  the  current  flowing  to  any 
juncture  is  equal  to  the  sum  of  the 
"1  rtnts  flowing  away  from  the 
juncture.  (It  may  be  noted  that 
■  ut'i  forms  of  Kirchhoff’s  laws  are 
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merely  specialized  forms  of  con¬ 
servation  of  energy.) 

The  first  three  of  these  state¬ 
ments  relates  the  voltage  and  cur¬ 
rent  for  the  three  different  linear 
circuit  elements,  all  of  which  are  as¬ 
sumed  to  be  ideal.  An  ideal  circuit 
element  is  one  which  is  presumed 
to  behave  physically  in  strict  ac¬ 
cordance  with  the  mathematical 
prediction  of  its  behavior ;  all  losses 
are  assumed  to  be  zero  (except  the 
resistance  of  a  resistor)  and  dis¬ 
tributed  capacitance,  inductance 
and  resistance  are  assumed  absent. 

When  expressed  in  mathemati¬ 
cal  form,  the  first  three  state¬ 
ments  (and  their  inverse)  give  rise 
to  the  six  equations  of  Table  I. 
The  voltage-current  relations  ex¬ 
pressed  by  these  six  equations  are 
derivable  not  only  from  experimen¬ 
tal  observation  but  also  from  defini¬ 
tions  of  fundamental  electrical  con¬ 
cepts.  All  six  relations  are  of  para¬ 
mount  importance  to  the  study  of 
linear  circuit  behavior.  However, 
the  mathematical  expressions  in 
one  column  are  merely  alternative 
forms  of  the  equations  in  the  other, 
so  there  are  only  three,  instead  of 
six  independent  relations.  When 
dealing  with  voltages  and  currents 
in  L  and  C  elements,  we  are  involved 
not  only  in  algebraic  operations,  but 
in  rates  of  change  and  inverse  rates 
of  change,  treated,  respectively,  in 
differential  and  integral  calculus. 
Calculus,  dealing  with  quantities 
which  vary,  introduces  mental  con¬ 
cepts  which  may  be  difficult  to  grasp 
at  first,  just  as  it  might  be  difficult 


to  play,  at  first,  a  ball  game  in 
which  the  number  of  players  is  con¬ 
stantly  varying.  While  no  one  can 
hope  to  be  completely  free  to  carry 
out  independent  thinking  on  elec¬ 
tric  circuits  who  does  not  have  at 
least  a  rudimentary  .knowledge  of 
elementary  calculus,  it  is  the  aim 
here  to  present  the  fundamental 
concepts  in  graphical  form  so  that  a 
formal  acquaintance  with  this 
branch  of  mathematics  may  be  dis¬ 
pensed  with. 

We  may  obtain  experimental 
verification  of  the  relation  given  in 
Table  I.  However,  since  it  is  not 
possible  to  obtain  ideal  circuit  ele¬ 
ments,  no  experimental  verification 
can  be  more  than  an  approximation 
to  the  ideal  state  of  affairs.  The 
approximation  may  be  exceedingly 
good,  and  with  well-designed  circuit 
elements  it  will  be  good.  However, 
it  can  be  shown  that  the  voltage- 
current  relations  of  Table  I  have  a 
true  theoretical  foundation. 

DcrivatioR  of  Voltogo-Corrent  Relation* 

From  a  study  of  elementary  elec¬ 
tricity,  the  charge  (the  number  of 
electrons  or  ions)  on  a  capacitor  q 
is  proportional  to  the  product  of 
the  voltage  e  between  the  capaci¬ 
tor  plates  and  the  capacitance  C  of 
the  capacitor.  Quantitatively,  this 
yields  the  result 

q-^tC  (1) 

Since  charged  particles  are  the 
fundamental  building-blocks  of  elec¬ 
tricity,  all  electrical  effects  are  ex¬ 
plainable  in  terms  of  them,  as  for 
instance,  the  concept  of  an  electric 


h 


general  analytical  expressions  which 
support  (and  in  fact  are  essentially 
the  same  thing  as)  the  graphical 
evaluation  of  wave  forms  which  are 
carried  out  in  this  article.  The  in¬ 
tegration  constant,  K,,  specifies  the 
current  at  the  time  taken  as  the 
lower  limit  of  integration.  The  fact 
is  sometimes 
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overlooked  that 
steady-state  circuit  analysis  makes 
use  of  the  differential  and  intej^rai 
equations  given  in  Table  I.  It  is 
true,  of  course,  that  when  dealing 
with  steady-state  sinusoidal  condi¬ 
tions  the  somewhat  awe¬ 


inspiring 

relations  of  Table  1  are  expressible 
in  terms  of  the  familiar  yu)  factors, 
which  can  then  be  treated  aig^ 
braically.  But  the  terms  in  ;o>  are 
merely  the  result  of  applying  the 
more  general  equations  of  Table  I 
to  a  special  case ;  when  we  no  longer 
deal  with  a  fortuitious  special  case, 
we  must  revert  to  thinking  in  terms 
of  fundamentals.  These  funda¬ 
mentals 
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involve  time  rates  of 
change  (and  their  inverse),  and 
since  these  change  for  each  new 
type  of  wave  form,  they  also  involve 
a  completely  new  solution  of  the 
circuit  relations.  Essentially,  the 
same  kind  of  generalization  is  car¬ 
ried  out  when  we  proceed  from  8in^ 
wave  to  non-sinusoidal  wave  forms 
as  is  involved  when  we  make  the 
jump  from  d-c  to  a-c  theory. 


FIG.  3 — G«ii«ral  type  of  war*  form  improssod  on  a  >ori#o  or  pmedlol  SLC  circuit 
(curro  A)  and  roiulting  war#  forms  oxisting  in  oUior  portions  of  tho  circuit 


current.  From  the  study  of  the  flow 
of  an  electric  current,  we  learn  that 
an  electric  current  is  the  time  rate 
of  change  of  charge.  Expressed 
analytically  we  have  the  result 

t  -  dg/dt  (2) 

If  we  substitute  the  first  of  these 
equations  into  the  second,  and  keep 
in  mind  that  C  is  a  constant  (since 
we  are  dealing  with  circuit  ele¬ 
ments  which  are  constants)  the  cur¬ 
rent  can  be  expressed  in  terms  of 
the  capacitance  and  the  voltage  by 
means  of  the  equation 


ical  reasoning  to  support  the  equa¬ 
tion  connecting  voltage  and  current 
in  an  inductive  circuit  Prom  the 
laws  of  electromagnetism,  the  volt¬ 
age  is  related  to  the  magnetic  flux 
by  means  of  the  experimental  re¬ 
sult  stating  that  the  voltage  is  pro¬ 
portional  to  the  number  of  turns, 
and  also  to  the  time  rate  of 
change  of  flux.  The  total  flux  is 
the  product  of  the  number  of  turns, 
N,  assumed  to  be  constant,  and  the 
flux,  <^,  per  turn.  The  total  flux 
iV</)  is  produced  by  the  current,  t, 
and  the  resultant  voltage  may  be 
written  in  the  form 


Veltage-Carrvat  Relatioas  Hold  For 
Troukat  md  Stoody-Stato  CoRditieit 

The  fundamental  voltage-current 
relations  given  in  Table  I  are  com¬ 
pletely  general  for  linear  circuit 
elements,  and  therefore  may  be  ap¬ 
plied  to  steady-state  and  transient 
currents  and  voltages  of  any  physi¬ 
cal  realizable  wave  shape.  Before 
we  may  proceed  it  is  necessary  to 
build  up  a  thorough  understanding 
of  these  voltage-current  relations. 
This  could  be  done  by  discussing, 
individually,  the  voltage-current  re¬ 
lations  of  each  separate  circuit  ele¬ 
ment,  and  subsequently  applying 
this  reasoning  to  circuits  composed 
of  various  combinations  of  circuit 
elements.  We  may  combine  both  of 
these  steps,  and  study  the  voltage- 
current  relations  of  the  various 
elements  when  combined  in  series 
or  parallel  circuits. 

In  the  analysis  of  series  circuits 
it  will  be  convenient  to  assume  the 
current  of  specified  wave  form  and 
then  ascertain  the  magnitude  and 


-"fit+o-’-t  ro 

The  last  is  permissible  since  the  in¬ 
ductance,  L,  is  defined  as  the  flux 
linkages  per  unit  time  or  the  num¬ 
ber  of  turns  times  the  derivative 
of  the  flux  with  respect  to  the  cur¬ 
rent,  or  L  —  Nd<\>/dt.  Again,  mul¬ 
tiplying  by  dt,  dividing  by  L  and 
integrating  both  sides  of  the  equa- 
The  constant  Kc  is  required  to  ac-  tion  we  obtain  the  result 
count  for  any  residual  charge  which  1  ^ 

may  appear  on  the  capacitor  at  the  *  “  tJ  *  (6) 

time  for  which  t  =  0.  Using  the  results  of  Table  I  and 

Similarly  we  may  develop  analyt-  Kirchhoff’s  law  we  can  build  up 


If  we  multiply  this  equation 
through  by  dt,  divide  by  C,  and  in¬ 
tegrate  both  sides  of  the  resultant 
equation,  the  voltage  across  a  ca¬ 
pacitor  is  expressed  in  terms  of  the 
current  through  it  by  means  of  the 
equation 
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wave  forma  of,  the  voltage  ,4rops 
acroas  each  of  the  circuit  elemeats 
gg  well  as  t  that  of  the  impressed 
voltage.  The  voltage  across  each  of 
the  circuit  elements  is ,  determined 
in  terms  of  the  equations  giv^  in 
the  third  column  of  Table  I.  ,  By 
Kirchhoffs  voltage  law  the  j  im¬ 
pressed  voltage  will  be  equal  to  ^e 
sum  of  the  voltage  drops  around 
the  circuit.  Such  an  analysis .  (in 
which  the  current  is  regarded  as 
the  independent  variable)  may 
be  carried  out  for  any  combina¬ 
tion  of  the  three  fundamen¬ 
tal  circuit  elements  connected 
in  series.  Likewise,  for  parallel  cir¬ 
cuits  composed  of  any  combination 
of  the  three  circuit  .elements,  the 
magnitudes  and  wave  forms  of  the 


impressed  voltage,  will  be  assumed 
and  the  magnitudes  and  wave  forms 
of  the  total  and  branch  currents 
will  be  required. 

Scries  Circait 

Consider  the  circuit  of  Fig.  1 
composed  of  R,  L,  and  C  in  series 
^and  in  which  a  current,  t,  flows  as  a 
result  of  an  impressed  electromo¬ 
tive  force,  e.  For  this  case,  Kirch- 
holf’s  current  law  takes  the  form 

.  I.  '  1  . 

»  —  IL  “  t«  -  tc  (7) 

The  voltage  law  becomes 

*  di 

6  *  L—  +  Ri 

ai 

+  (8) 

.  By  means  of  the  second  circuit 


equation,  the  steady-state  voltage 
drops  across  portions  of  the  cir¬ 
cuit  can  be  determined  as  soon  as 
the  magnitude  and  wave  form  of 
the  current  flowing  through  it  are 
known.  Since  the  voltage  across  a 
constant  resistance  is  proportional 
to  the  current  through  it,  the  cur¬ 
rent  and  voltage  wave  forms  for  a 
resistance  will  be  identical  func¬ 
tions  of  time. 

The  voltage-current  relations  for 
inductance  and  capacitance  are  ex¬ 
pressed  by  more  complicated  equa¬ 
tions  and  dissimilarity  of  current 
and  voltage  wave  forms  may  there¬ 
fore  be  anticipated.  In  general,  for 
each  different  wave  form  of  current 
flowing  through  the  series  circuit 
we  may  expect  completely  dissim- 


ase, 

rms 

Ida- 

of 

and 

new 

olve 

the 

the 

car 

tine- 

)nn! 

the 


F«r 

•rent 

com- 

e  ap- 


efore 
ry  tc 


itrt 

t  ek' 


th  0 


le  th- 
n  an 
e  an 


Series 

Circuit 


Para He  i 
Circuit 


Ic 


TIG.  4 — Current  and  Toltage  wore  forms  in  series  and  poroUei 
drculls  with  sinusoidal  excitation.  As  applied  to  series  circuits 
Ihs  significance  of  the  curres  is  os  foilows:  (A)  Current  through 
circuit:  (B)  Voltage  across  H;  (C)  Voltage  across  L;  (D)  Voltage 
across  C;  (E)  Voltage  across  R  and  L;  (F)  Voltage  across  R 
and  C;  (G)  Voltoge  across  L  and  C;  (H)  Voltage  across  R,  L, 
and  C.  All  wore  forms  hors  the  '  some  frequency .  and 
tinusoidol  type  of  Toriation.  but  differ  in  amplitude  and  phase 
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with  square  woto  excitation.  As  applied  to  parallel  circuits, 
the  curres  hare  the  following  significonce:  (A)  Impressed 
roltage;  (B)  Current  through  R:  (C)  Current  through  C;  (D) 
Current  through  L:  (E)  Current  through  R  and  C:  (F)  Current 
through  R  and  L;  (G)  Current  through  L  and  C;  (H)  Current 
through  R.  L,  and  C  connected  in  parallel.  The  only  ware 
form  resembling  the  impressed  excitation  is  that  for  R 
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liar  wave  forms  of  voltage  across  equal  to  the  sum  of  the  three  branch 
the  circuit  as  a  whole  as  well  as  currents.  Making  use  of  the  circuit 
across  L  and  C.  Indeed,  when  we  relations  of  Table  I,  Kirchhoff*s 
come  to  consider  the  matter  care-  laws  may  be  expressed  quantita- 
fully  it  would  appear  quite  remark-  tively  in  the  form 
able  that  we  should  ever  obtain  e  -  *0  -  (9) 

voltage  drops  across  different  kinds  .  . 

of  circuit  elements,  whose  wsve  for  the  voltages  and  m  the  form 

or  (except  in  the  case  of  the  resis-  +  + 

tance)  similar  to  that  of  the  cur-  for  the  currents.  While  the  physi- 
rent  flowing  through  the  circuit.  cal  interpretation  of  Eq.  (8)  is  dif¬ 
ferent  from  that  of  Eq.  (10)  the 
forms  of  the  two  equations  are 
identical.  The  two  circuits  for 
which  differential  equations  of  the 
same  form  exist  are  said  to  be 
duals. 

Although  representing  exceed¬ 
ingly  important  electric  circuit  re¬ 
lations,  Eq.  (8)  and  (10)  can  be 
regarded  thus  far  merely  as  mathe¬ 
matical  abstractions.  To  use  these 
results  we  need  to  know  the  true 


significance  and  physical  interpre¬ 
tation  of  the  mathematical  expres¬ 
sions  di/dt,  f  i  dt,  de/dt,  and  f  e  dt 
which  are  associated  with  varying 
values  of  current  and  voltage.  This 
is  especially  important  since  these 
sjrmbols  do  not  represent  algebraic 
quantities,  in  the  usual  sense  of  the 
word,  but  designate  types  of  opera¬ 
tions  which  must  be  carried  out 
They  are  directives,  if  you  will,  teU- 
ing  us  how  we  must  perform  a  par¬ 
ticular  job  in  order  that  a  desired 
end  result  may  be  achieved.  The 
symbolic  notation,  di/dt,  indicates 
that  we  are  to  carry  out  the  opera¬ 
tion  of  differentiating  the  current 
t,  with  respect  to  time,  t.  The  nota¬ 
tion  f  i  dt  calls  for  the  process 
of  integrating  the  current  i  with 
respect  to  time  t,  just  as  the  sym¬ 
bol  }  calls  for  a  90-degree  rotation 
in  a  counter-clockwise  direction  of 
the  vector  with  which  it  is  associa- 
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Parail*l  Circuit 

Next  consider  the  general  parallel 
circuit  of  Fig.  2  composed  of  the 
three  different  circuit  elements, 
L,  R,  and  C  in  parallel,  across  which 
an  electromotive  force,  e,  is  applied. 
From  KirchhofTs  voltage  law,  the 
voltage  drop  across  each  circuit  ele¬ 
ment  is  equal  while  from  Kirch- 
hoff’s  current  law  the  total  current 
taken  from  the  generator  will  be 
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FIG.  6 — Current  cmd  voltage  wave  iormi  ior  eeriee  and 
parallel  RLC  circuits  with  trapesoidal  wove  form  excitation 


FIG.  7 — Current  ond  voltage  wove  forms  for  seriei  ami 
parallel  RLC  circuits  with  triangular  wove  form  excitation 
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ted.  It  should  be  noted  that  differ¬ 
entiation,  indicated  by  the  notation 
di  dt,  and  integration,  indicated 
by  the  notation,  J'  i  dt,  are  inverse 
operations  just  as  are  those  of 
squaring  and  extracting  a  root. 

Since  the  derivative  commonly 
takes  the  form  of  a  time  rate  of 
[change,  the  corresponding  integral 
may  be  regarded  as  the  inverse 
time  rate  of  change.  Graphically, 
[fates  of  change  are  indicated  by 
I  the  slope  of  a  graphical  plot,  while 
[integrals  are  represented  by  areas 
under  a  curve.  The  fundamental 
concepts  involved  in  differentiation 
and  integration  are  really  quite 
simple,  but  a  slight  detour  will  be  in 
order  to  review  the  physical  inter¬ 
pretations  underlying  these  mathe¬ 
matical  operations. 

The  process  of  differentiation  is 
involved  when  we  desire  to  deter¬ 
mine  the  voltage  drop  across  an  in¬ 
ductor  whose  current  is  known 
,(e,  =  L  di/dt)  or  when  it  is  neces¬ 
sary  to  ascertain  the  current  flow¬ 
ing  through  a  capacitor  in  terms 
of  the  voltage  across  its  plates 
(i,  =  Cde/dt).  On  the  other  hand, 
the  process  of  integration  is  in¬ 
volved  in  determining  the  current 
through  an  inductor  in  terms  of  the 
uiltage  across  it,  it  =  (1/L)  f  e  dt, 
lor  in  determining  the  voltage 
cross  a  capacitor  when  the  current 
Jthrough  it  is  known:  e,  =  (1/C) 
[j/  t  dt  Thus,  both  the  processes 
I  of  differentiation  and  integration 
|are  not  mere  mathematical  abstrac- 
Itions,  but  represent  exceedingly  im- 
Iportant  conditions  of  behavior  of 
[■he  various  electrical  circuit  ele- 
iments. 


Graphical  Approach  to  Aaalysit  of 
Voltage-Carronf  Rolatioas 

A  formal  treatment  of  the  proc- 
jess  of  differentiation  and  integra- 
ition  may  be  found  in  any  standard 
pxtbook  on.differential  and  integral 
|calculu8.  A  graphical  interpreta- 
will  be  substituted  here  for  the 
[more  formal  mathematical  approach 
in  the  belief  that  in  an  elementary 
jtreatment  this  procedure  results  in 
ja  clearer  understanding  of  the  es- 
ential  physical  principles.  The 
jmatliematical  operations  will  be  in- 
Ijterpreted  in  terms  of  electric  cir- 
ikuit  l)ehavior. 

Suppose  that  time-varying  curve 
t  ondli^  3,  /(0»  represents  the 

Hwave  form  of  current  flowing  in  the 


series  circuit  of  Fig.  1  or  the  volt¬ 
age  across  the  parallel  circuit  of 
Fig.  2.  The  following  analysis  can 
be  carried  out  for  either  type  of 
circuit,  according  to  the  relations 
given  at  the  right  of  this  diagram. 
To  be  specific,  we  shall  apply  the 
analysis  to  the  series  circuit  of 
Fig.  1.  Since  e  =  iR  (where  R  is 
a  constant)  the  voltage  across  the 
resistor  will  be  exactly  of  the  same 
wave  shape  (except  for  scale  factor 
of  the  ordinates)  as  that  of  the  cur¬ 
rent.  Hence  it  may  be  represented 
by  curve  B. 

Wav*  Form  of  Voltage  Drop  Across 
lodHctor 

With  the  current  wave  form  as 
shown  at  A  in  Fig.  3  it  will  be 
necessary  to  differentiate  this  cur¬ 
rent  and  multiply  it  by  the  induc¬ 
tance  L  to  obtain  the  voltage  across 
the  inductor  through  which  the  cur¬ 
rent  flows.  Graphically  it  is  there¬ 
fore  necessary  to  determine  the 
derivative  (or  slope)  of  the  given 
current  wave  (represented  by  curve 
A)  to  obtain  the  rate  of  change 
(curve  B)  and  then  to  multiply  the 
result  by  L  to  obtain  the  voltage 
across  L  (curve  C).  The  derivative 
of  curve  A  at  any  point  along  the 
t  axis  is  given  by  its  slope  at  the 
point  in  question.  Accordingly,  if 
we  measure  the  slope  of  curve  A  at 
each  point  and  plot,  as  ordinates  in 
curve  C,  the  magnitudes  of  these 
slope  determinations  at  the  corres¬ 
ponding  values  of  t,  the  resultant 
curve,  C,  will  be  the  derivative  of 
curve  A.  The  derived  curve,  C,  will 
be  positive  (above  the  zero  axis) 
when  the  slope  of  curve  A  is  posi¬ 
tive — that  is,  when  a  line  tangent 
to  the  curve  runs  from  the  lower 
left-hand  to  the  upper  right-hand 
region.  The  magnitude  of  the  de¬ 
rived  curve  will  be  zero  when  the 
slope  of  the  original  curve  is  zero 
or  when  a  line  drawn  tangent  to  the 
curve  (at  the  value  of  t  in  ques¬ 
tion)  is  horizontal.  The  magnitude 
of  the  derived  curve  will  increase 
as  the  slope  of  the  original  curve 
increases  and  vice  versa.  A  little 
study  will  show  the  relation  exist¬ 
ing  between  the  original  curve.  A, 
and  the  derived  curve,  C.  The 
reader  will  understand,  of  course, 
that  the  graphical  operations  are 
merely  representations,  or  ways  of 
indicating,  the  fundamental  physi¬ 
cal  phenomena  taking  place. 


The  absolute  value  of  the  volt¬ 
age  across  the  inductor  is  obtain¬ 
able  by  multiplying  the  time  rate 
of  change  of  current,  represented 
by  the  derived  curve  C  by  a  suit¬ 
able  constant,  L,  equal  to  the  in¬ 
ductance  of  the  circuit.  If  the  or¬ 
dinates  of  curve  C  are  multiplied 
by  L,  curve  D  will  now  repre¬ 
sent  the  wave  form  of  the  voltage 
across  an  inductance. 

To  ascertain  the  voltage  across  a 
capacitor  through  which  a  known 
current  flows,  it  is  necessary  to 
integrate  the  current  and  divide  by 
the  capacitance,  C.  If  the  current  is 
represented  graphically  by  curve 
A,  then  the  integral  of  the  current 
may  be  represented  graphically  by 
the  area  under  the  current  curve 
(A),  as  is  shown  in  any  text  on  in¬ 
tegral  calculus.  This  area  repre¬ 
sents  what  we  have  chosen  to  call 
the  inverse  rate  of  change.  To  , il¬ 
lustrate  the  fundamentals,  it  is  now 
necessary  to  carry  out  the  process 
of  graphical  integration. 

Wov*  Form  of  Voltage  Across 
/  Capacitor 

If  we  plot,  point  by  point,  the 
area  inclosed  between  curve  A  and 
its  zero  axis,  the  resultant  curve 
will  be  as  shown  at  E  in  Fig.  3.  At 
any  point  along  the  abscissa,  the 
height  of  curve  E  represents  the 
area  under  curve  A.  The  integrated 
curve,  E,  increases  as  the  area  of 
curve  A  above  the  zero  axis  in¬ 
creases,  whereas  curve  C  decreases 
when  the  area  under  curve  B  is 
negative. 

In  deriving  curve  E  as  the  area 
under  the  original  curve  A,  a  cer¬ 
tain  amount  of  arbitrariness  is  in¬ 
volved  until  the  beginning  and  end 
points  are  specified  on  the  original 
curve  whose  area  is  to  be  ascer¬ 
tained.  These  end  points  are  called 
the  limits  of  integration.  The  arbi¬ 
trariness  resulting  from  failure  to 
specify  the  limits  between  which 
the  original  curve  A  is  integrated, 
makes  it  necessary,  in  general,  to 
add  a  constant,  K„  to  the  integrated 
curve  F.  In  the  graphical  plot,  the 
need  for  inserting  such  a  constant 
was  not  apparent  since  we  began 
finding  the  area  under  the  curve  at 
a  specific  point,  t  =  0,  thus  estab¬ 
lishing  one  limit  of  integration. 
The  other  constant  of  integration 
is  that  value  of  t  for  which  the  proc¬ 
ess  is  discontinued.  For  purposes 
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FIG.  9 — Current  and  Toltage  wore  forms  for  series  and  poroU*l 
RLC  circuits  with  excitation  which  is  o  recurrent  portion  of  m 
exponential  wonre  form.  All  wore  forms  ore  identical  except 
for  amplitude,  becouse  the  exponential  function  has  the  tom* 
shape  as  its  derirotiTe  and  integral 


FIG.  8 — Current  cmd  Toltage  wcrve  forms  for  series  and  parallel 
RLC  circuits  with  saw-tooth  ware  form  excitotion.  This  wots 
form  is  used  extensiTely  in  sweep  circuits  of  c<zthode-ray  tubes 
lued  in  telerision  transmitters,  telerision  receiTers.  oscilloscopes 
cmd  newly-dexeloped  cothode-roy  equipment 


of  generality  the  integration  con-  operator  f  i  dt  has  been  used  in 

stant,  Ki,  has  been  retained  in  the  obtaining  the  integral  curve  of  the 

column  marked  General  Notation,  current.  The  mathematical  direc- 
Physically,  the  integration  constant  tives  which  indicate  how  these  con- 
represents  the  voltage  across  the  versions  are  to  be  made  are  called 
capacitor  (for  the  series  circuit)  or  inversion  operators, 
the  current  in  an  inductor  (for  the 
parallel  circuit)  when  t  =  0.  If  we 
assume,  as  we  shall,  that  the  volt¬ 
ages  and  currents  are  initially  0, 
the  constant  may  be  dropped.  This 
has  been  done  in  writing  the  elec¬ 
trical  equations  at  the  right  of  the 
wave  form  diagrams. 

In  obtaining  the  derivative  or  the 
integral  of  the  given  time-varying 
function,  we  have  carried  out  an 
operation  of  inversion  on  the  ori¬ 
ginal  function  representing  the 
given  current.  In  obtaining  the 
derivative  of  the  current  this  in¬ 
version  has  been  obtained  by  means 
of  the  operator,  di/dt,  whereas  the 


sary  algebraic  operations  required 
by  Kirchhoff’s  law.  Thus,  the  fuD 
line  of  curve  G  (representing  the 
algebraic  sum  of  curves  B  and  F) 
represents  the  wave  form  of  volt¬ 
age  across  an  RC  series  circuit  or 
the  wave  form  of  current  for  a  cir¬ 
cuit  of  R  and  L  in  parallel.  The 
curves  are  lettered  to  apply  only  to 
a  series  RC  circuit.  T^e  graphical 
addition  is  in  accordance  with  the 
superposition  theorem. 

It  will  be  observed  that  all  of  the 
curves  of  Fig.  3  are  single-valued 
functions  of  time,  without  discon- 
A  single- valued  function 


l■v•rtie■  Operators 

We  have  now  illustrated,  by 
graphical  methods,  the  inversion  of 
wave  forms  by  means  of  the  inver¬ 
sion  operators,  df{t)/dt  and 
f  fit)dt,  and  it  is  now  necessary 
to  apply  Kirchhoff’s  laws  to  solve 
the  voltage-current  relations  for 
simple  circuits.  Consider,  for  ex¬ 
ample,  a  series  circuit  composed  of 
R  and  C  or  a  parallel  circuit  com¬ 
posed  of  R  and  L,  the  necessary 
voltage  and  current  conditions  of 
which  are  shown  by  curves  B  and 
F.  By  adding  curves  B  and  F 
graphically,  we  carry  out  the  neces- 


tinuities. 
of  time  is,  of  course,  some  relation 
having  a  single  value  at  any  given 
instant,  and  a  continuous  function 
is  one  having  no  breaks  or  discon- 
Since  we  have  chosen  * 


tinuities. 
perfectly  arbitrary  function  fori 
purposes  of  discussion,  the  general 


ELECTRON! 


these 

practi 


6rapbi 

We 
lined 
famili 
as  the 
ical  pi 
dual  r 
paralli 
necess 
circuil 
tion. 


:  given 
:  partic 
a  sinu 
that  ti 
currer 
cally  t 
matici 

By  in! 
the  in 
age  di 

+  - 

Since 
resist! 
rent  t 
ately 

!  Graph 
tained 
Fig.  4 
the  n 
must 
grate 
make  i 
Sine 
time-v 
slope— 
it  is  e> 
be  pro 
to  o>  : 
i  cyclica 
fore 
factor, 
any  cy 
of  cha 
the  gii 
the  si 

H.ECTR 


procedure  which  has  been  developed 
applicable  to  sinusoidal  wave 
forms  which  may  be  encountered  in 
practice,  since  these  are  single- 
valued  and  continuous.  In  general, 
these  conditions  will  be  fulfilled  in 
practice. 


ftrapbicol  M«tbed  Applied  to  Siaosoidol 
Wavof 


We  shall  apply  the  method  out¬ 
lined  above  to  an  analysis  of  the 
familiar  sinusoidal  time  variations 
as  the  first  application  of  the  graph¬ 
ical  procedure.  Since  there  exists  a 
dual  relation  between  the  series  and 
parallel  RLC  circuits,  it  will  be 
necessary  to  analyze  only  one  such 
circuit.  For  purposes  of  illustra¬ 
tion,  the  series  circuit  will  be 
treated. 

The  voltage-current  relations  ex¬ 
isting  in  series  RLC  circuit  are 
given  by  Eq.  (7)  and  (8).  For  the 
particular  application  in  question, 
a  sinusoidal  current  is  assumed  so 
that  the  instantaneous  value  of  the 
current  may  be  expressed  graphi¬ 
cally  by  curve  A  of  Fig.  4  or  mathe¬ 
matically  as 


i  »  /«  rin  bd  (9) 


By  inserting  Eq.  (9)  into  Eq.  (8), 
the  impressed  voltage  and  the  volt¬ 
age  drops  will  be  given  by 

e  ”  *1,  +  e*  -b  ec  ■■  (/„  sin  al) 


*!■  Rfm  "4" 


an  utdt  (10) 


Since  the  voltage  drop  across  the 
resistor  is  proportional  to  the  cur¬ 
rent  through  it,  we  have  immedi¬ 
ately 


e*  -  Rim  tut  (11) 

Graphically  this  voltage  drop  is  ob¬ 
tained  by  multiplying  curve  A  of 
Fig.  4  by  R  to  obtain  curve  B.  For 
the  remaining  voltage  drops  we 
must  now  differentiate  and  inte¬ 
grate  the  sine  function  in  order  to 
make  use  of  Eq.(lO). 

Since  the  derivative  of  the  given 
time-varying  (sine)  function  is  its 
slope — or  its  time  rate  of  change — 
it  is  evident  that  the  derivative  will 
be  proportional  to  the  frequency  or 
to  (0  =  27c/  since  the  slope  varies 
cyclically  with  frequency.  There¬ 
fore  (i>  will  be  a  multiplying 
factor.  It  is  also  evident  that  within 
any  cycle,  or  period,  the  time  rate 
of  change  is  equal  to  the  slope  of 
the  given  curve.  Now  the  slope  of 
the  sine  curve  yields  a  cosine 


curve.  Therefore,  the  derivative  of 
the  sinusoidal  current  is  curve 

d  ...  . 

gj  (in.  mn  «<)  —  ulm  oob  <U 
-■  ulmon  (-+i)  ~  jttim  sin  wt «  jui  (12) 

The  third  step  in  the  above  equa¬ 
tion  is  justified  since  there  is  a 
90-deg  phase  shift  between  the  sine 
and  cosine  function.  We  may  indi¬ 
cate  this  90-deg  phase  shift  by  the 
added  angle,  ic/2  radians,  or  by  any 
other  generally  accepted  notation 
which  will  be  understood  as  indi¬ 
cating  a  90-deg  phase  shift.  Such  a 
device  is  the  operator  j.  Accord¬ 
ingly  we  may  multiply  the  final  re¬ 
sults  by  j  (instead  of  adding  the 
angle  n/2)  to  indicate  the  desired 
shift.  By  means  of  this  artifice  we 
have  achieved  the  very  important 
advantage  of  being  able  to  express 
the  voltage  across  the  inductance  as 
a  sine  function  (instead  of  a  cosine 
function)  which  is  also  the  expres¬ 
sion  used  to  designate  the  time  vari¬ 
ation  of  current.  The  voltage  across 
the  inductance  is 


€l 


juLIm  an  ut  ^  juLi  (13) 


obtained  by  multiplying  the  final 
form  of  Eq.  (12)  by  L.  The  result 
is  shown  graphically  as  curve  C  of 
Fig.  4.  It  will  be  noted  from  Eq. 
(12)  and  (13)  that  for  a-c  theory 
involving  sine  waves,  the  inversion 
operator,  di/dt,  can  be  replaced 
with  the  expression  jo>. 

The  graphical  and  geometric  sig¬ 
nificance  of  the  integral  of  a  sine 
wave  is  slightly  more  difficult.  Since 
the  integral  is  represented  graphi¬ 
cally  by  the  area  under  the  given 
curve,  the  area  under  the  curve, 
for  each  full  cycle  or  period,  will 
decrease  as  the  time  interval  of 
the  period  decreases,  or  as  the 
frequency  increases.  The  inverse 
time  rate  of  change  is  inversely  pro¬ 
portional  to  frequency,  just  as  the 
time  rate  of  change  was  found  to  be 
proportional  to  frequency.  Thus  the 
integral  is  inversely  proportional 
to  0)  =  27:/,  or  is  proportional  to 
l/o)  =  1/2::/.  Also,  within  any  cy¬ 
cle  or  period  the  integral  is  propor¬ 
tional  to  the  negative  of  the  cosine 
wave.  Hence  we  have  the  result 


J'i  dt  -y*(/iii  sin  «<)  (ft  * 


1  , 

- Im  C08  Oit 

U 

.Im  .  , 

'  —  J  —  8in 


(14) 


FIG.  10 — Two  diagromi  Ulustrating  the 
manner  in  which  recurrent  wore  forms 
may  be  constructed  from  a  series  of  sine 
wares  of  appropriate  amplitude,  frequency 
and  phase.  The  order  of  the  harmonics  is 
indicated  by  the  numerals.  Successire 
stages  in  thr  early  derelopment  of  the 
desired  wares  ore  shown 


The  justification  of  the  —j  is 
based  upon  the  same  reasoning  as 
that  already  described  above.  The 
voltage  across  the  capacitor  is 

obtained  by  multiplying  Eq.  (14) 
by  1/C.  Again,  through  the  use  of 
the  3  operator  we  have  been  able  to 
express  the  voltage  drop  across  the 
capacitor  in  terms  of  a  sine  curve 
which  is*used  to  express  the  time 
variation  of  current. 

Using  Eq.  (11),  (13)  and  (14) 
and  Kirchhoff’s  voltage  law, 

e  =•  jo)LIm  sin  o>t  -|-  Rim  sin  <of  —  j  ^  sin  (of 

-  wL  4-  fi  —  j  Im  sin  (ot 

+  (16) 

Since  L,  R,  and  C  are  constants, 
this  equation  shows  that  the  instan¬ 
taneous  value  of  the  impressed  volt- 
(Continued  on  page  392) 
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PI  NETWORKS 

as  Coupled  Tank  Circuits 


A  development  of  the  theory  of  pi  networks  as  they  apply  to  r-f  output  circuits  of  trails 
mitters.  A  design  procedure  is  outlined  and  curves  are  given  to  simplify  matching  the 
output  stage  directly  to  the  transmission  line  or  antenna,  without  an  output  transformer 


By  FREDERIC  D.  SCHOTTLAND  Fortst  mils,  N.  Y. 


FIG.  1 — Simplilied  representation  of  o  class  C  r-f  output  stoge  feeding  a  trans¬ 
mission  line  or  antenna  at  resonance  through  o  coupled  tank  circuit  (a)  and 
through  on  equiralent  pi  network  (b) 


The  use  of  a  n  configuration  of 
reactances  to  couple  a  class  C 
power  amplifier  to  its  load  is  not 
new.  However,  the  proper  handling 
of  such  a  network  in  this  applica¬ 
tion  is  far  from  being  common 
knowledge  to  engineers  who  design 
or  operate  transmitting  equipment. 
This  lack  of  knowledge  generally 
results  in  a  circuit  containing  few 
of  the  obtainable  advantages,  and 
one  whose  harmonic  attenuation 
leaves  much  to  be  desired. 

Nsw  Approach  Nteded 

Unfortunately  for  the  transmit¬ 
ter  engineer,  design  information  on 
7t  networks  is  to  be  found  princi¬ 
pally  in  texts  concerning  themselves 
with  filter  and  transmission-line 
theory.  As  a  consequence,  the  sub¬ 
ject  is  not  approached  in  such  a 


manner  as  to  apply  directly  to  the 
problem  at  hand.  When  following 
the  customary  design  procedure, 
an  infinite  number  of  solutions  are 
indicated.  Cut-and-try  methods  of 
adjustment  are  extremely  labori¬ 
ous,  and  modifications  appear  to 
give  totally  uncorrelated  results. 
The  underlying  theory  as  presented 
in  texts  is  in  such  form  as  to  give 
little  help,  since  the  means  for  im¬ 
posing  the  further  conditions  neces¬ 
sary  to  obtain  the  single  desired 
solution  are  by  no  means  apparent. 

If  the  It  network  is  to  replace  the 
coupled  tank  circuit,  obviously  it 
must  perform  the  same  functions. 
In  general,  the  basic  requirements 
of  the  circuit  are: 

1.  It  must  transform  the  load  to 
some  predetermined  imped¬ 
ance. 


2.  It  must  deliver  a  prescribe 
amount  of  energy  at  somt 
maximum  or  required  effi¬ 
ciency. 

3.  It  must  provide  a  preseleitr;: 
degree  of  harmonic  attenua¬ 
tion. 

Review  of  Mafehieg  Problem 

Figure  1(a)  is  a  simplified  srbfu 
matic  of  a  vacuum  tube  couplei- 
through  a  plate-tuned  transformer 
to  a  load  which  may  be  an  antenra 
at  resonance  or  a  properly  termi", 
ated  transmission  line.  Figure  1 
(b)  accomplishes  the  same  coupling 
through  the  use  of  a  i:  network. 
Both  will  perform  the  functions 
listed  above.  . 

In  the  coupled  tank  circuit  of  Fig. 
1  (a),  the  first  function  is  control^ 
by  correctly  choosing  the  turns  ra 
tio  of  L,  and  L.  and  the  amount 
mutual  inductance.  The  reconi 
function  is  accomplished  by  haviiig 
the  proper  ratio  of  L,  to  C.  Finally, 
we  obtain  sufficient  harmonic  attpr. 
nation  by  keeping  the  circuit  abo\f 
some  minimum  value  of  Q.  In  other 
words,  we  couple  in  a  resir^t^n" 
with  a  definite  relationship  to  either 
reactance.  All  of  these  points  are 
well  covered  in  existing  literature 
and  this  knowledge  is  basic  to  the 
transmitter  engineer. 

Inspection  of  the  it  network  o: 
Fig.  1  (b)  does  not  immediately  re 
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veal  how  all  this  is  accomplished. 
iVe  know  that  a  n  network  will  trans¬ 
form  impedances  and  act  as  a  coup¬ 
ling  device,  but  how  to  control  the 
ffli<  iency  and  the  Q  of  the  circuit  is 
not  indicated,  nor  is  this  design  in- 
rmation  available  in  convenient 


RedactioR  of  v  to  L 


In  any  actual  circuit  we  are  not 
.ncerned  with  the  internal  imped- 
nce  of  our  tube  as  such,  but  rather 
ith  the  impedance  into  which  it 
iust  work.  As  a  limiting  case  it 
rimes  that  impedance  which  will 
ive  the  maximum  transfer  of  ra- 
lio-frequency  power  under  the  spe- 
ifk  operating  conditions  of  grid 
ias,  excitation  and  plate  voltage 
ni ployed,  without  exceeding  the 
ated  plate  dissipation  of  the  tube, 
n  the  circuit  of  Fig.  2,  therefore, 
will  be  taken  to  mean  the  imped- 
i!ice  with  which  we  wish  to  termin- 
te  our  generator,  and  not  the  inter- 
al  impedance  of  the  generator  it- 
elf. 

The  values  of  Xr  and  Xo  to  match 
to  Ra  are  obtained  from  the  re- 
Htions* 

X, - ^-”5^  (1) 

Ro^^RoRa-Xl* 

Ra^^RoRa-Xl*  ^ 

To  avoid  an  imaginary  value  for 
or  Xc, 

Xl'^RoRa  (3) 

To  make  Xc  infinite  in  value  so 
lie  output  capacitor  will  drop  out, 
e  must  choose  the  negative  sign 
or  the  radical  and  use  a  value  of 
such  that 

•Everitt.  W.  L.,  Output  Networks  for 
I'lio  Fretpieuey  Power  .Xiupliflers.  Proc. 
■R  E..  19.  No.  5,  p.  725-737,  May  1931. 


Ra~  ^IRoRa-  Xl*  (4) 

This  in  no  way  changes  the  per¬ 
formance  of  the  network,  but  the 
circuit  simplifies  to  the  L  network 
of  Fig.  3,  which  may  be  more  eas¬ 
ily  analyzed. 

The  L  network  shown  in  Fig.  3 
is  of  extreme  interest.  It  is  not 
only  the  equivalent  circuit  of  a  t: 
network,  but  if  Ra  is  taken  as  the 
reflected  resistance  of  the  load,  it  is 
the  equivalent  circuit  of  a  coupled 
tank  network  as  well.  Here,  then, 
is  common  ground  and  a  means  of 
correlating  the  two  circuits.  At 
resonance,  Xr  is  equal  to  X^.  Ra 
was  defined  as  the  impedance  into 
which  we  are  to  work.  That  is,  it  is 
the  image  impedance  of  the  net¬ 
work,  so 

Xt  -  Xr  »  Ro/Q  (5) 

Ra  -  Xl/Q  (6) 

From  Eq.  (5),  at  any  desired  Q 
the  value  of  X^  is  fixed,  and  conse¬ 
quently  the  value  of  Xr  is  also  fixed. 
The  value  of  Ra  is  given  by  Eq.  (6). 
From  Eq.  (5)  and  (6)  we  see  that 

-  Xl'IRa  (7) 

LimitafioRs  of  L  Network 

We  formerly  intended  to  find  a 
network  which  would  match  R„  to 
whatever  antenna  we  had.  Because 
of  the  restriction  of  Eq.  (4),  how¬ 
ever,  .we  must  now  match  our  an¬ 
tenna  to  our  network.  This  by  no 
means  destroys  the  usefulness  of 
the  network,  for  the  value  of  Ra 
which  has  been  obtained  is  the  min¬ 
imum  impedance  into  which  we  may 
work  under  the  given  operating 
conditions.  This  minimum  is  en¬ 
tirely  independent  of  the  restric¬ 
tions  of  Eq.  (4). 

If  the  actual  load  has  an  imped¬ 
ance  greater  than  Ra  it  can  be  made 


to  look  like  Ra  so  far  as  its  resis> 
tance  is  concerned,  by  shunting  it 
with  the  proper  value  of  reactance. 
Naturally  we  shall  choose  a  capaci¬ 
tance  for  this  purpose,  since  it  will 
act  to  increase  the  harmonic  attenu¬ 
ation.  If  the  actual  antenna  has  an 
impedance  smaller  than  Ra,  there 
is  nothing  we  can  do  about  it.  Ob¬ 
viously,  to  increase  the  impedance 
we  must  insert  a  reactance  in  series 
with  Ra.  If  this  is  a  capacitance,  it 
will  subtract  from  Xj.,  and  if  an  in¬ 
ductance  it  will  add.  We  may, 
therefore,  view  the  addition  of  a 
series  reactance  as  a  change  in  the 
value  of  Xl.  If  we  reduce  Xl  to 
obtain  the  required  Q,  the  QXl  is 
reduced  and  Ra  is  not  matched.  Sim¬ 
ilarly,  if  Xl  is  increased,  we  again 
obtain  a  mismatch. 

Fortunately,  it  is  seldom  neces¬ 
sary  to  couple  into  an  antenna 
whose  impedance  is  much  below 
that  usually  found  to  be  the  proper 
terminating  impedance  of  the  net¬ 
work.  At  low  radio  frequencies,  of 
course,  this  difficulty  may  very  well 
be  encountered.  Although  the  nor¬ 
mal  antenna  in  this  case  may  be  so 
short  electrically  as  to  have  low  re¬ 
sistance,  its  capacitance  in  general 
will  also  be  quite  low.  To  resonate 
such  an  antenna,  considerable  in¬ 
ductance  will  be  required  in  the 
loading  coil.  The  resistance  of  such 
a  coil  will  be  comparable  to  the  an¬ 
tenna  itself,  and  added  to  it,  will 
bring  the  resistance  into  which  the 
network  is  coupled  to  a  higher 
value.  Of  course,  this  added  resis¬ 
tance  represents  a  loss,  but  that 
loss  was  inherent  in  the  circuit  and 
not  added  by  the  coupling  network. 
The  whole  matter  may  be  resolved 
as  follows: 

At  low  frequencies  (such  as  radio 


FIG.  2 — Pi  Mction  used  os  o  low-pau  coupling  oRtwork 


FIG.  3 — EqulTolRnt  circuit  oi  pi  coupling  notwork 
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the  proper  reactances  to  use  for  a 
coupled  tank  circuit  hold  equt.lly 
well  for  the  «  network.  Of  couise, 
in  most  cases  only  Xo  would  remain 
the  same,  while  would  have  to 
be  increased  by  an  amount  equal 
to  the  value  of  X,.  Knowing  Xo  and 
Q,  Ra  could  be  readily  obtained. 

Terminatisg  lmp«daae« 

At  best,  the  calculation  of  the 
generator  impedance  of  a  class  C 
power  amplifier  is  only  an  approxi¬ 
mation.  An  actual  measurement  un¬ 
der  operating  conditions  is  much  to 
be  preferred.  While  we  cannot  do 
precisely  that,  we  are  able  to  do 
what  is  even  more  to  the  point.  The 
circuit  lends  itself  admirably  to  a 
measurement  of  Ro,  the  resistance 
with  which  we  actually  wish  to 
terminate  the  vacuum  tube. 

The  circuit  of  Fig.  3  is  set  up 
with  sufficient  metering  to  obtain 
plate  current,  plate  voltage  and 
load  current.  In  place  of  Ra  we  may 
use  any  convenient  value  which  we 
shall  call  Ri.  The  circuit  is  then 
tuned  by  means  of  Xr  and  the  out¬ 
put  and  input  powers  calculated. 
If  we  have  not  exceeded  or  equaled 
the  rated  power  dissipation  capabil- 
will  transform  an  actual  resistive  ities  of  the  tube,  Xi  is  reduced  and 
load  Rl  of  60  ohms  into  one  of  20  the  circuit  retuned.  This  procedure 
ohms.  Since  there  is  no  curve  in  is  continued  until,  at  resonance, 
the  range  of  Ra  =  20,  we  will  use  either  maximum  or  required  power 
the  Ra  =  2  curve  and  assume  that  output  is  obtained  within  the  limit- 
Rl  and  Xc  are  also  ten  times  their  ations  of  tube  power  dissipation, 
given  values.  We  enter  the  graph  In  the  case  of  pentodes,  the  screen 
from  the  left  at  the  point  Rl  =  6.  as  well  as  plate  dissipation  must  be 
Traveling  to  the  right  we  find  that  watched,  particularly  if  the  ratio 
the  intersection  with  Ra  =  2  occurs  of  Xl  to  Rx  is  large.  Having  ad- 
at  Xo  =  4.2.  Multiplying  by  ten,  justed  the  circuit  we  have  termi- 
our  answer  is  42  ohms.  nated  it  with  the  proper  Ra.  Since 

Equation  (10)  gives  the  series  we  know  Rj  or  can  measure  it,  by 
equivalent  reactance  introduced  by  measuring  Xl  or  Xr  we  are  able  to 
Xo,  this  being  the  value  by  which  calculate  Ra.  From  this  data  Ra  m 
Xl  will  have  to  be  increased  to  com-  fixed  according  to  the  circuit  Q 
pensate.  Figure  6  is  a  family  of  which  is  to  be  used, 
curves  for  this  relationship.  This  If  Rx  is  much  different  from  R, 
curve  is  also  used  in  extended  it  is  necessary  to  repeat  the  adjust- 

ranges  by  multiplying  all  of  the  ments  and  measurements  using 
quantities  by  the  same  factor.  Pro-  some  value  of  Rx  nearer  to  the  cal- 
ceeding  with  the  above  example,  we  culated  Ra.*  Just  when  it  is  neces- 
enter  the  curve  at  Xc  =  42,  and  find  sary  to  repeat  the  measurements 
the  intersection  with  Rl  =  60  at  may  easily  be  determined.  If  Ri  is 
Xm  =  2S  ohms.  No  factor  was  in-  quite  large,  upon  adjusting  the  cir- 
volved  and  the  answer  is  read  di-  cuit  for  proper  impedance  the  re 
rectly.  suiting  Q  will  be  a  low  value.  K 

Since  the  design  procedure  for  a  it  becomes  much  below  10,  the  con- 
coupled  tank  circuit  holds  for  the  ditions  of  maximum  impedance  and 
equivalent  circuit  of  Fig.  3,  any  unity  power  factor  will  not  occur 
calculations  which  the  engineer  is  simultaneously,  and  the  harmonic 
accustomed  to  make  to  determine  generation  will  be  appreciable 


beacon  frequencies  below  the  broad¬ 
cast  band),  it  is  desirable  to  use 
a  class  C  amplifier  whose  generator 
impedance  is  as  low  as  possible, 
such  as  a  low-voltage,  high-current 
tube  or  tubes  in  parallel.  This  will 
make  Ra  and  consequently  Ra  lower. 
If  Ra  is  still  greater  than  the  effec¬ 
tive  antenna  resistance,  the  result¬ 
ing  circuit  would  have  a  higher  Q 
than  required,  and  would,  in  effect, 
be  undercoupled. 

When  the  actual  load,  which  we 
shall  call  Rl,  is  greater  than  Ra,  the 
problem  has  a  complete  solution.  A 
reactance  in  parallel  with  Rl  will 
give  a  circuit  whose  impedance  is 
lower  than  Rl.  By  properly  choos¬ 
ing  this  reactance,  the  resistive 
component  may  be  made  equal  to 
Ra,  something  which  was  impos¬ 
sible  to  do  with  additions  of  series 
reactances.  This  reactance  should 
be  capacitive,  to  increase  harmonic 
suppression. 

Ocvelopmcat  of  w  Circait 

It  is  interesting  to  note  that  we 
are  throwing  off  the  yoke  of  Eq. 
(4),  since  we  are  nowj*esynthesiz- 
ing  the  original  «  network  of  Fig. 
2.  However,  for  simplicity,  and  to 
maintain  the  analogy  to  coupled 
tank  circuits,  we  shall  continue  to 
use  the  L  network  of  Fig.  3.  We 
shall  treat  this  newly  formed  paral¬ 
lel  circuit  as  an  entity  in  terms  of 
its  series  equivalent. 

Figure  4(a)  shows  this  parallel 
circuit,  where  Rl  is  a  load  greater 
than  Ra,  and  Xo  is  the  compensat¬ 
ing  capacitive  reactance  necessary 
to  make  the  total  circuit  resistance 
look  like  Ra.  Figure  4(b)  is  the 
series  equivalent,  where  Xg  becomes 
the  effective  series  reactance  of 
Fig.  4(a).  It  will  be  as  though  Xl 
had  been  reduced.  To  compensate, 
either  Xl  or  the  tuning  capacitance 
must  be  increased.  To  maintain  the 
original  conditions,  we  will  natur¬ 
ally  increase  Xl. 

From  Fig.  4(b), 

» .  _  « r  _  =  ~  jRt.  Xc 
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Equation  (11)  gives  the  value  of 
compensating  capacitive  reactance 
Xc  which  will  transform  Rl  into 
Ra.  Figure  6  is  a  family  of  curves 
for  this  relationship,  where  Rl  is 
plotted  versus  Xo  for  selected 
values  of  Ra. 

In  using  Fig.  5,  the  range  may 
be  extended  by  multiplying  all  of 
the  quantities  by  the  same  factor. 
For  example,  assume  that  it  is  re¬ 
quired  to  find  the  reactance  which 
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FIG.  4 — Lood  with  reoctanc*  In  pozallal 
(a),  emd  its  equlTolent  seriss  circuit  (b) 
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Clearing  j  from  the  denominator, 
jf  jRL'Xc 


Solving  Eq.  (9)  for  Xc  now  gives 
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2.  Select  a  value  of  Q  for  the  re-  9.  Increase  Xt  by  Xm. 

quired  harmonic  attenuation  and  If  reasonable  care  has  been  exer- 
calculate  Xt  and  Xr  from  Eq.  (5).  cised,  the  circuit  will  be  found  to 

3.  Find  the  value  of  Ra  from  Eq.  tune  within  a  small  percentage  of 

the  calculated  Xr,  and  the  final  ad¬ 
justments  will  be  easy  to  make. 

If  Xt  was  varied  very  much  in 
achieving  tuning,  this  will  alter  the 
Q  and  should  be  corrected.  Let  us 
examine  the  case  where  Xr  was  in¬ 
creased  for  tuning,  knowing  that  if 
it  were  decreased  the  reverse  pro¬ 
cedure  would  hold.  In  order  to  de¬ 
crease  Xr  (increase  the  capaci¬ 
tance)  ,  either  Xm  must  be  increased 
or  Xl  decreased.  The  effect  on  the 
power  output  will  clearly  indicate 
which  is  required.  An  examination 
of  Fig.  6  will  show  whether  Xo  is 
to  be  increased  or  decreased  to 
cause  the  proper  change  in  X,.  It- 
will  be  seen  that  up  to  the  point 
where  Xc  is  equal  to  Rl  an  increase 
in  Xo  will  cause  an  increase  in  Xg. 
When  the  value  of  Xo  is  greater 


(k)nsequently,  erroneous  measure¬ 
ments  will  result.  If,  on  the  other 
hand,  Ri  is  too  low,  Xt  will  be  large 
in  order  to  bring  Ra  to  its  proper 
value.  This  will  result  in  a  condi¬ 
tion  of  undercoupling.  The  tube 
will  be  delivering  full  output  pos¬ 
sible  under  the  conditions,  but  that 
output  will  be  low  as  will  be  the  in¬ 
put  power.  Since  the  internal  im- 


4.  Replace  Rx  by  Rt,  the  actual 
load,  and  adjust  the  circuit  for  the 
required  power  output.  Measure 
Xt  or  Xr,  and  using  the  value  of 
Ra  found  in  step  1,  calculate  Rt 
from  Eq.  (7)  solved  for  Ra,  which 
in  this  case  is  Rt. 

5.  Replace  this  value  of  Rt  by  an 
Rx  of  approximately  the  same  value 
and  rei)eat  steps  1  and  4. 

6.  If  neither  the  value  of  Rx  used 
in  step  1  nor  the  value  in  step  5  is 
approximately  equal  to  Ra,  repeat 
steps  1,  2  and  3  using  an  Rx  more 
nearly  the  same  as  that  of  Ra  as 
found  in  step  3. 

7.  Find  Xo  from  Fig.  5  or  from 
Eq.  (11). 

8.  Find  Xg  from  Fig.  6  or  from 
Eq.  (10). 


known  load  resistance.  Here  again 
we  should  have  comparable  values 
of  load,  and  the  first  measurement 
wiU  generally  have  to  be  repeated 
using  a  value  of  Rx  more  nearly  the 
same  as  Rt.  Of  course,  if  equipment 


continuously  variable,  and  with 
neglible  or  tunable  reactance.  The 
first  method  is  quite  accurate  and 
more  adaptable  to  the  equipment 
of  the  normal  laboratory  or  trans¬ 
mitting  plant. 

Note  that  for  the  antenna  meas¬ 
urement,  we  are  not  concerned  with 
Ro  as  it  will  finally  exist,  but  simply 
iwish  to  keep  it  constant  for  the 
itwo  measurements,  the  one  with 
\Rx  and  the  other  with  Rt.  To  be 


Doth  measurements.  Low  power 
may,  of  course,  be  used  in  this  an¬ 
tenna  resistance  measurement. 

Dciign  Summary 

The  following  outline  summar¬ 
izes  the  procedure  to  be  followed  in 
the  design  of  a  «  coupling  network. 

1.  Set  up  the  circuit  of  Fig.  3 
with  any  value  of  Ra,  such  as  Rx. 
Adjust  Xt  until  when  tuned  by  Xr 
the  required  power  output  within 
dissipation  limits  is  obtained. 
Measure  Rx  and  Xt  or  Xr.  The  re¬ 
quired  load  impedance  Ro  is  given 
by  Eq.  (7). 


10  20  30  40  BO 
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FIG.  5 — Chart  giving  valu*  of  compensating  capacitiTO  reactance  Z^.  required 
to  make  load  circuit  hove  correct  resistance  lor  motching  purposes 
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Rl  =  10.5  ohms,  and  the  intersec¬ 
tion  with  Rjt  =  1  occurs  at  Xo  ^  8.4. 
Since  a  factor  of  10  has  been  used, 
Xo  =  34  ohms. 

8.  Using  Fig.  6  we  enter  the 
curve  at  Xc  =  340  and,  assuming  a 
curve  Ru  —  106  to  exist  slightly 
above  i2t  =  100,  we  can  estimate 
the  intersection  to  occur  at  X,  = 
30.  Since  a  factor  of  0.1  was  used, 
Xm  =  ^  ohms. 

9.  Xi,  is,  therefore,  increased  to 
126  ohms. 

Our  final  circuit  has  Xr  =  123 
ohms,  Xt  —  126  ohms,  and  Xo  =  34 
ohms.  It  properly  terminates  our 
tube  when  loaded  by  a  resonant  an¬ 
tenna  of  105  ohms,  yielding  a  cir¬ 
cuit  Q  of  12.  In  actual  practice, 
this  tuned  almost  perfectly  as  cal¬ 
culated,  and  the  change  in  Xr  to 
produce  exact  tuning  was  too  slight 
to  warrant  any  further  changes. 

CoRciMsioa 

The  foregoing  assumes  that 
means  for  making  reactance  and  re¬ 
sistance  measurements  are  at  hand. 
In  the  field,  particularly  using 
emergency  equipment,  this  will  not 
be  so.  However,  it  is  hoped  that 
sufficient  light  has  been  thrown  on 
the  subject  to  enable  “blind”  tun¬ 
ing  to  be  accomplished  logically 
and  rapidly. 

As  a  suggestion,  start  with  an  L 
network,  resonate  the  antenna,  and 
then  add  output  capacitance  as  re¬ 
quired.  Up  to  a  point,  increases  in 
capacitance  and  inductance  will 
bring  up  the  antenna  current. 
Thereafter,  the  current  will  start 
to  drop  off.  In  other  words,  at  first 
Rl  is  too  large  to  achieve  a  low 
enough  Ra.  As  Xo  reduces  the  effec¬ 
tive  Rl  the  current  will  increase  to 
the  point  of  overcoupling  and  exces¬ 
sive  power  output,  as  evidenced  by 
excessive  plate  current.  Further  re¬ 
duction  of  Rl  or  increase  in  Xl  will 
be  in  the  direction  of  low  coupling 
and  high  Q,  which  is,  of  course, 
more  desirable.  For  safety,  then, 
adjustment  is  continued  in  this  di¬ 
rection  until  the  plate  meter  indi¬ 
cates  that  not  too  great  a  plate  in¬ 
put  is  being  delivered  to  the  tube. 
With  a  little  experience,  one  will 
easily  learn  the  “feel”  of  *  network 
adjustments,  and  will  work  out 
rapid  and  surprisingly  accurate 
methods  of  tuning  writhout  any 
equipment  other  than  the  transmit¬ 
ter  meters. 


10,000 


Xg  in  Ohms 


FIG.  6 — Chart  giTing  rooctanc*  tqIu*  Z,  by  which  th«  inductiT*  r*actanc« 
Xl  In  network  muit  be  increosed  to  give  correct  tuning 
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Now  may  be  an  appropriate  time  to  direct  attention  to.  leadership  that  has 
proven  itself  under  the  most  severe  war  demands  and  conditions: 
Cinch,  alert  and  anticipating  electronic  socket  requirements,  presented  to 
the  industry  a  complete  line  of  miniature  socket  assemblies — long 
before  general  wide  spread  manufacture. 


IM  f  U  MANUFACTURING  CORPORATION,  2335  W.  Van  Bur«n  St.,  Chicago  12,  III. 

V  ■■  SUBSIDIARY  OF  UNITED. CARR  FASTENER  CORPORATION,  CAMBRIDGE,  MASS. 
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Electronic  Heating  of  Plastic  Performs 


In  the  manufacture  of  plastic 
products,  uniform  and  rapid  pre¬ 
heating  provided  by  dielectric  heat¬ 
ing  softens  the  entire  preform  to 
an  easily  moldable  state  and  elimin¬ 
ates  gases  before  molding.  This 
action  greatly  reduces  the  chance 
of  warping  or  blistering  the  work 
piece  in  the  mold  and  virtually 
eliminates  the  risk  of  damage  to 
the  mold.  Since  the  molding  cycle 
is  cut  from  hours  to  minutes  in 
some  applications,  production  time 
is  also  saved. 

Especially  designed  for  heating 


plastic  preforms,  a  new  RCA  r-f 
generator  is  a  package  unit  that  de¬ 
livers  up  to  2000  watts  of  power, 
or  6800  BTU  per  hour,  into  a  di¬ 
electric  load  of  average  character¬ 
istics.  An  operating  frequency  of 
approximately  27.4  Me  permits 
rapid  heating  of  a  wide  variety  of 
materials  without  danger  of  arc- 
over  between  plates. 

To  pre-heat  plastic  preforms  for 
molding,  the  operator  places  the 
preform  on  the  bottom  electrode, 
then  closes  the  counter-balanced 
lid,  automatically  bringing  the  re- 


Th«  electronic  power  unit  of  the  RCA  model  2-B  dielectric  heating  unit  for  heating 

plastic  preforms 


i 
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Qose-up  of  the  control  panel  and  heal¬ 
ing  chamber  of  the  RCA  r-f  generator. 
The  open-mesh  coTer  permits  gases  to 
escope  during  heoting  of  the  preform 
while  two  infrared  lamps  proride  ra¬ 
diant  heat  to  prevent  cooling  of  the  pre¬ 
form  surface  by  surrounding  air 


tracting  upper  electrode  into  con¬ 
tact  with  the  work,  and  presses  the  ' 
starter  button.  The  top  electrode  ^ 
mounting  and  operating  mechan-  ■  ^ 
ism  is  designed  to  permit  the  elec-  I 
trode  to  seat  flat  and  exert  uniform  | 
pressure  on  any  thickness  of  pre-  ' 
form  within  its  operating  range.  | 

At  the  end  of  the  heating  cycle,  a  j 
pre-set  timer  automatically  opens  j 
the  lid  and  shuts  off  the  power.  | 

Controls 


Timer,  power  controls,  and  indi  l 
cators  are  mounted  on  a  control  I 
panel,  placed  just  below  the  lid  and! 
tilted  for  visibility  and  conveni- 1 
ence.  Access  to  tubes  and  compo-l  ^ 
nents  of  the  generator  equipment  li 
for  servicing  and  replacements  isl,  1 
provided  by  front  and  rear  doors  ii 
in  the  body  of  the  cabinet,  both! 
equipped  with  power  disconnect! 
switches  and  key  locks  to  prevent  B  ^ 
entry  except  by  authorized  mainte-B  < 
nance  personnel.  Changes  in  oper-B  ^ 
ating  setup  are  quickly  made  bTll 
means  of  the  front  panel  controls,  li 
without  requiring  access  to  the  in-B 
side  of  the  cabinet.  I| 

Once  the  best  treatment  is  de-B 
termined  for  a  given  type  preform.  R 
each  successive  one  is  heated  to  the  B 
proper  temperature  for  molding.^ 

The  generator,  shown  in  the  photo-H 
graphs,  contains  an  electronic  reg-H 
ulator  which  maintains  the  heatingH 
rate  constant  at  a  predetennineiB] 
value,  irrespective  of  normal  vari«-BL  • 
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CONTACTS 

Can  Make  or  Break  a  Vibrator 


That’s  the  Point 
of  MALLORY 
^^Know  How” 


Contacts  in  a  vibrator  take  a  lot  of  punish* 
ment.  They  must  operate  under  widely 
varying  conditions  of  temperature  and  must 
*^make  and  break**  115  times  a  second. 
Small  wonder  that  alert  engineers  think  of 
contacts  first  when  selecting  a  vibrator! 

For  over  20  years,  Mallory  has  been  indus* 
trial  headquarters  for  every  type  of  elec¬ 
trical  contact.  It  has  introduced  new  con¬ 
tact  compositions  . . .  evolved  better  designs 
. . .  formulated  improved  surface  finishes. 

As  a  result  of  this  wide  experience,  Mallory 
equips  its  vibrates  with  special  grade 
tungsten  contacts  which  are  cut  in  its  own 


plant  from  material  made  to  its  own  speci¬ 
fications.  They  give  longer  life,  are  subject 
to  a  minimum  of  erosion  and  transfer. 


Mallory  is  ready  to  apply  its  special  vibra< 
tOT  ”know  how”  to  your  specific  applications. 


For  Perfect  Portable  Power . . . 

t  MALLORY  Vibrapack* 

The  preferred  vibrator  power  sup¬ 
ply  in  planes,  boats  and  mobile 
equipment  of  our  armed  forces. 
Operates  under  great  extremes  of 
heat,  cold  and  humidity;  with¬ 
stands  an  abnormal  amount  of 
vibration,  jolts  and  jars. 

*  Vibrapack  is  the  registered  trade¬ 
mark  oj  P.  R.  Mallory  &  Co, 

Inc.,  for  vibrator  poster  supplies. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


War  Banda  Are  Yaur 
Peraonat  Investment 
in  Victory 


■kiriiiMria  vibrators 

AND  VIBRATOR  POWER  SUPPLIES 
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In  th«  photo  oboTO,  the  operator  is 
shown  placing  a  preform  on  the  lower 
electrode.  When  the  mesh  coTer  is 
lowered,  the  upper  electrode  mokes 
contact  with  the  plastic  material.  The 
cover  pops  open  and  power  is  shut  off 
ot  the  end  of  a  predetermined  heating 
interval 


tions  in  preform  shapes  or  chemical 
and  physical  changes  which  occur 
during  the  heating  cycle. 

A  synchronous  motor  timer,  ad¬ 
justed  by  means  of  a  knob  on  the 
front  panel,  may  be  set  for  time 
cycles  from  two  seconds  to  120  sec¬ 
onds,  depending  on  the  size  of  the 
work  piece  and  other  factors  in¬ 
volved  in  a  specific  application.  The 
unit  will  heat  up  to  one  pound  of 
molding  material  per  minute.  An 
additional  feature  consists  of  two 
infrared  lamps,  installed  in  the 
heating  chamber,  to  provide  auxil¬ 
iary  radiant  heat  to  prevent  cooling 
of  the  preform  surfaces  by  the  sur¬ 
rounding  air. 


Equipment  Safety 

In  addition  to  safety  features  de¬ 
signed  to  protect  operators,  the 
equipment  itself  is  thoroughly  pro¬ 
tected.  An  r-f  filter  is  included  to 
guard  against  r-f  radiation  via  the 
power  circuits.  The  unit  is  com¬ 
pletely  shielded  to  minimize  the 
possibility  of  direct  radiation. 

Automatic  overload  relays  guard 
against  tube  overloads,  and  an 
automatic  time-delay  relay  pre- 


wise  result  from  starting  the  unit 
without  an  adequate  filament  warm¬ 
up.  An  automatic  voltage  regu¬ 
lator,  capable  of  handling  a  line 
voltage  range  of  190  to  260  volts, 
supplies  constant  filament  voltage. 

Although  designed  for  heating 
plastic  preforms,  the  unit  can  be 
connected  to  remote  electrodes  for 
other  types  of  operations,  such  as 
heating  assemblies  of  wood  veneers 
to  set  or  cure  the  glue  lines. 

Close-coupled  external  loads  hav¬ 
ing  suitable  electrical  characteris¬ 
tics  can  be  handled  by  the  installa¬ 


tion  of  an  appropriate  fitting  for 
passage  of  a  short  transmission 
line. 

Equipmeht  beneath  the  heating 
chamber  is  cooled  by  air  from  a 
built-in  blower  system  that  con¬ 
tains  dual  filters  to  insure  maxi¬ 
mum  cleanliness  of  the  cooling  air. 
The  unit  is  equipped  with  two  RCA  | 
833A  oscillator  tubes,  four  8008 
rectifier  tubes,  and  two  2050  control 
tubes,  and  weighs  about  800 
pounds.  It  is  mounted  on  ball-bear¬ 
ing  casters  and  may  be  installed  by 
plugging  into  a  220-volt  a-c  line. 


Electronic  Vulcanizing  of  Tires  for  Army  Trucks 


A  TIRE  LIFE  of  100,000  miles  after 
the  war  may  be  provided  by  com¬ 
mercial  development  of  an  elec¬ 
tronic  dielectric  heating  method  of 
vulcanizing  rubber  now  being  used 
by  the  Army  as  a  mobile  means 
of  quickly  effecting  tire  repairs. 
Heretofore,  heat  for  vulcanizing 
has  been  provided  by  means  of  con¬ 
duction  from  either  steam  or  elec¬ 
trical  resistance  metal  molds  or 
open  steam  chambers.  This  type  of 
equipment  as  used  by  the  Army 
permitted  a  total  of  about  ten  re¬ 
pairs  per  hour.  An  example  of  the 
weight  involved  is  suggested  by 
the  weight  of  an  open  steam  repair 
unit  which,  with  its  tanks,  weighs 
about  twelve  thousand  pounds.  It 
is  flexible  as  to  tire  sizes  but  not 
portable  on  a  standard  size  Army 
truck  permitted  near  the  front 
lines.  In  comparison,  the  electronic 


unit,  in  addition  to  a  generating! 
unit,  weighs  about  500  lb. 

An  example  of  the  heating  time] 


Fig.  2 — Bags  of  filler  material  act  at 
ilex  bie  mo'ds  for  curing  tire  patchM 
with  dielectric  heating 
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Fig.  1 — Curing  curves  of  sieam  pressure  method  of  vulcanising  as  shown  by  themo- 
couples  placed  at  the  tread  surface  and  tread  base.  The  curves  marked  A  were 
obtained  from  one  mold.  A  different  mold  was  employed  when  curve  B  was  plott'd 
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frequency  generator  shown  in  the 
photograph  is  the  laboratory  model, 
the  field  units  being  of  more  rug¬ 
ged  construction  and  having  a  min¬ 
imum  of  dials  and  controls. 

At  a  meeting  of  the  Society  of 
Automotive  Engineers  at  Philadel¬ 
phia  in  June,  Colonel  Vogt  deliv¬ 
ered  a  paper  on  the  electronic  vul¬ 
canizing  process  and  included  ex¬ 
cerpts  from  an  official  report  of 
Aberdeen  Proving  Ground.  The 
report  stated  that  repaired  tires 
were  subjected  to  road  tests  which 
the  Automotive  Section  has  re¬ 
garded  as  highly  satisfactorily. 
The  report  went  on  to  say  that, 


Th*  r-f  VMwrator  oad  two  fisturot  of  tho  Vulcotroao  dovokqimoiit  for  ropoiriag  tiros 
by  moons  of  dioloctric  hooting.  Tho  fhctoro  ot  tho  right  is  dosignod  to  Tulconiso 
■mall  ooctionol  ond  vot  ropoirs.  tho  ono  ot  tho  loft  hondlos  spot  ropoirs  only  hut 
olso  euros  ddowcdl.  eomor  or  trood  potchos  to  cord  dopth  without  romoring  tho 

tiro  from  tho  rim 


Since  the  tests  at  Madison,  num¬ 
erous  experimental  tire  repairs 
have  been  made  and  some  of  these 
tires  have  been  tested  to  destruc¬ 
tion  and  found  entirely  satisfac¬ 
tory.  Tests  using  thermocouples  at 
various  points  show  that  even  at 
ten  times  the  speed  of  temperature 
rise  in  the  center  of  area  cure, 
temperature  variations  are  consid¬ 
erably  less  than  that  obtained  on 
present  day  conventional  repair 
apparatus.  Figure  3  shows  that 
practically  uniform  temperature  is 
maintained  throughout  the  tire 
thickness. 


of  the  older  method  of  vulcanizing 
is  given  in  Fig.  1  where  the  curves 
represent  temperatures  at  tread 
surface  and  tread  base  of  tires  dur¬ 
ing  cures  in  molds.  A  variation  of 
from  12  to  50  deg  on  the  outside 
tire  surfaces  between  the  top  and 
bottom  of  tread  is  also  shown. 

Development  work  on  the  dielec¬ 
tric  heating  project  was  instigated 
by  Lt.  Col.  C.  W.  Vogt,  Chief  of  the 
Technical  Staff  for  Supply,  Trans¬ 
portation  Corps  of  the  Army.  He 
worked  in  conjunction  with  the 
Lakso  Company  of  Fitchburgh, 
Mass.  Test  apparatus  was  made 
up  and  tried  out  at  Forest  Products 
Laboratory,  Madison,  Wis.  where 
several  sizes  of  high  frequency  gen¬ 
erators  were  available.  The  tests 
showed  that  a  type  bag,  filled  vfith 
pulverulent  material  arranged  as 
in  Fig.  2,  would: 

1 —  Adjust  itself  readily  to  varia¬ 
tions  in  shape  and  thickness  of 
tires  at  shoulder,  sidewalls,  and 
treads. 

2 —  Make  possible  spot  and  sec¬ 
tional  cures  in  a  few  minutes  and 
with  a  minimum  of  temperature 
differences  throughout  these  vary¬ 
ing  thicknesses  of  sections. 

3 —  Maintain  satisfactory  sharp 
shoulder  edges  to  correspond  with 
edges  of  the  tires  adjacent  to  the 
area  of  cures. 


0  3  5  10  12  15  *  20 

Tim*  in  Minufes 


Fig.  3 — Curing  cuttm  of  dioloctric 
hooting  for  tiro  ropolr  os  shown  by 
themocouplot  plocod  at  ooTorol  pointi. 
Tho  solid  cunro  roprosonts  lompera- 
turo  at  surfaco  of  lining;  dottod  curr*. 
ot  contor  of  Uro;  dash-dash  curre.  oi 
trood  surfoce.  All  woro  rocordod  at 
point  of  ends  of  tho  pross 


Flexible  Mold 


The  sectional  repair  unit  is  based 
on  the  principle  of  having  the  ma¬ 
terial  to  be  heated  placed  between 
two  spaced  electrodes.  The  varia¬ 
tion  in  thickness  between  the  tread 
comer  and  sidew^l  is  compensated 
for  by  a  bag  containing  a  flowable 
noncompressible  material,  this  bag 
automatically  forming  a  mold  of 
the  proper  shape  and  enabling  uni¬ 
form  pressure  to  be  applied  to  the 
patch  area. 

The  fixtures  to  hold  the  tires  are 
designed  so  that  a  minimum  of 
labor  is  involved  in  the  setting  up  Colonel  Vogt  said  that  because  of 
operation.  The  tire  is  laid  into  the  the  possibility  of  radio  interference 
fixture  and  from  then  on  is  posi-  with  other  electrical  systems,  such 
tioned  by  handwheels.  The  high  as  radar  and  communications 


with  present  standard  equipment, 
the  average  time  for  individual 
cure  of  a  spot  or  section  may  run 
over  two  hours.  With  the  experi¬ 
mental  electronic  equipment,  curing 
is  accomplished  in  ten  minutes. 

Radiation 
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iust  as  quickly  aPBulie^  Arms  put  an  end  to  the 
tideous  holocaust,  IRC  a^ain  will  assume  its 
rightful  position  as  industry  s  number  one  source 
for  sll  types  of  resistors.  That  mater  quantities... 
at  lower  costs  than  ever,  can  oe  offered  is  estab¬ 
lished  by  the  fact  that  I R  C  is  operating  on  a  mass 
production  basis,  the  world’s  largest  resistor  plants. 

ENGINiiRING  COUNSEL  AVAILABLE 

I R  C.’s  engineering  staff  will  be  dad  to  share  with 
interested  executives  its  knowledge  and  experience 
gained  through  years  of  specialization  in  the  manu¬ 
facture  of  resistance  devices  for  practically  every 
kind  of  application. 

It  is  quite  possible  a  parallel  case  to  your  own 
may  have  b^  already  studied  and  solved,  I 

in  which  event  you  can  save  valuable  time. 

No  obligation  is  entailed,  and,  of  course, 
your  confidence  will  be  respected. 


FEATURES  OF  MW  WIRE  WOUND  RESISTORS 

1 .  Provule  light  weight,  low  temperature  rise  power- 
type  resistors  Jor  use  where  space  ami  weight  are  vital 
factors. 

2.  Allow  as  many  as  six  sections  in  a  single  molded 
resistor for  flexibility  of  design  needs. 

3.  Flat,  wire  wound  resistor  strip  is  insulated  for 
mounting  to  chassis  by  high  pressure  molding  in 
special  asbestos-filled  phenolic  compound. 

4.  Permanently  attached  metal  bracket  with 
mounting  feet  permits  attachment  of  resistor 

to  any  flat  metal  surface  to  increase  heat 
'f|^  dissipation. 

5.  Rating  established  at  a  common-sense 
temperature  rise  of  lOCf*  C. 
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UL  called  himself  a  "philan¬ 
thropist",  and  yet  the  door  of  his  villa  at  Torquay  in  France  was 
nailed  with  notices  for  unpaid  debts.  He  gave  away  discoveries 
worth  millions  of  dollars  to  the  communications  industries.  He 
founded  the  modern  science  of  telephonic  communication.  His 
name?  Oliver  Heaviside. 


STANCOB 

STANDARD  TRANSFORMER  CORPORATION 
1500  NORTH  HALSTED  ST.  ■  CHICAGO  22 


Manufacturers  of  quality  transformers, 
reactors,  power  packs  and  allied  products 
for  the  electronic  industries. 


Advance  theories  of  communication  have  been  forced  into  practice 
by  urgent  war  needs.  Fundamental  to  all  new  developments,  in  this 
and  other  fields  of  electricity,  is  the  transformer.  Stancor  engineers 
are  fully  conscious  of  their  responsibility  to  keep  pace  with  and  to 
set  pace  in  their  transformer  designs  for  tomorrow’s 
peacetime  industry. 


SEND  FOR  NEW  COMPLETE  CATALOG 


I  equipment,  the  Signal  Corps  sent 
one  of  their  mobile  testing  sets  to 
determine  the  extent  of  this  inter¬ 
ference  so  that  the  necessary  pro¬ 
visions  could  be  made  to  prevent 
harmful  interference.  A  simple 
screening  with  the  usual  interlocks 
can  be  applied  without  slowing 
doTvn  or  adversely  affecting  the 
speed,  flexibility  or  operation  of  the 
electronic  heating  tire  repair  unit. 

‘‘Another  little  known  fact,"  said 
Colonel  Vogt,  ‘‘which  has  been 
learned  during  our  development 
work  is  that  livelier  cures  are  made 
by  the  few  minutes  application  of 
‘internal’  heat  as  contrasted  to  an 
hour  or  more  of  impressed  or  ex¬ 
ternal  heat.  Contact  with  the 
heated  molds  for  an  hour  or  more, 
causes  a  heat  embrittlement  of  this 
outer  tire  surface  resulting  in  ap¬ 
preciably  reduced  mileage  from 
this  embrittled  and  case-hardened 
rubber. 

‘‘In  order  to  produce  the  proper 
heat  in  the  center  of  the  rubber  tire 
mass,  an  excessive  heat  has  been 
necessary,  time  and  temperature- 
j  wise,  on  the  outside  of  this  mass. 

■  This  applies  not  only  to  repairs  and 
j  recapping  but  also  to  new  tire 
I  manufacture.  Probably  the  reason 
that  this  condition  is  not  more 
:  widely  known  is  that  apparently  no 
I  means  has  been  available  hereto- 
I  fore  to  overcome  excessive  surface 
‘  heat  in  order  to  produce  proper 
'  internal  temperature  at  the  core  of 
1  the  rubber. 

‘‘While  our  tests  indicate  that 
both  recapping  and  new  tire  pro- 
I  duction  may  advantageously  utilize 
;  methods  we  have  evolved  during 
j  these  last  months,  we  have  studi- 
j  ously  avoided  branching  out  com¬ 
mercially  into  these  phases,  keep- 
I  ing  in  mind  our  primary  purpose 
j  of  making  available  as  quickly  as 
possible  to  the  armed  forces,  a  light 
weight,  highly  mobile  unit,  for  ef¬ 
fecting  tire  repairs  on  a  wide  range 
of  tire  sizes." 


X-Ray  Ceramic  Products 

The  results  of  an  investigation 
of  problems  in  the  manufacture  of 
ceramic  materials,  insulators,  glass, 
refractories,  crucible  and  china- 
ware  were  announced  by  John  P. 
Nielson,  application  engineer  of 
North  American  Philips  CJo.,  at  the 
annual  convention  of  the  American 
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SCOVILL  SPECIALIZES  IN  COLD-FORGED 


FASTENINGS  TO  FILL  YOUR  SPECIFIC  REQUIREMENTS 


'Cold* forging”— proof  #22 
. . .  moro  oocli  month 


COT  D-FORGING  skill  mastered  that  job  illustrated 
above— it  was  cold-forged  by  Scovill  special¬ 
ists.  Many  buyers  of  special  designed  f^lstenings 
believed  their  job  could  not  be  cold-forged 
until  they  were  shown  just  what  cold-forging 
pTiiiity  could  accomplish. 

That  is  where  Scovill  comes  in.  It  is  our  job 
at  Scovill,  not  only  to  serve  you  effectively  by 
elpir<g  select  the  exact  cold-forged  fastenings 
hat  will  best  fill  your  specific  requirements, 
ui  also  to  advise  you  just  what  feistenings  can 
nd  should  be  cold -forged. 

To  serve  you  effectively— we  must  understamd 
'our  particular  problems  thoroughly— help  you 


to  choose  between  "standard"  and  "special" 
fastenings  — advise  you  candidly  whether  cold¬ 
forging  can  and  should  be  employed  to  obtain 
the  best  results  —  design,  or  help  you  design, 
the  fastening  device  most  advantageous  to  your 
assembled  product — deliver  your  job  for  mini¬ 
mum  money— materials  — motions. 


Save  time,  trouble,  money—  as  many  Scovill 
customers  have  done  —  by  calling  in  one  of 
our  Faustenings  Experts  from  our  nearest  office 
to  plan  yotir  fastenings  when  the  product 
is  still  in  the  design  stage. 


Scovill  Manufacturing  Company 
Waterville 


SCREW  Division 


PRODUCTS 


WATERVILLE  48,  CONN. 


TEL.  Waterbury  3-3151 


NEW  YORK,  Chryslw  BiHdiii  .  DETROIT.  714  Fisher  Building  *  CHICAGO.  1229  W.  WasHigtN  Boilmrd  .  PHIUOaPHIA,  IB  W.  CbaitN  Avmm  Biildtot 
PITTSBURGH.  2112  «.  UbMf  Aw.  *  SYRACUSE,  Synam-KMIitr  lamian  BMt. .  LOS  ANGaES,  2627  S.  Soto  SL  •  SAN  FRANCISCO.  434  BrawM  St 
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X-roy  photograph  of  spark-plug  pores- 
loins  that  failod  undor  tost.  Tho  original 
picture  shows  small  crocks  in  two  nniu 
and  a  metal  particle  embedded  in  Uu 
third 


Society '  in  Pittsburgh. 


Ceramic 

Some  twenty  ceramic  companies 
cooperated  in  the  investigation. 

Radiographs,  taken  with  Norelco 
Searchray  equipment,  of  a  number 
of  different  products  were  shown. 
These  included  spark-plugs  (shown 
firebrick,  re¬ 


in  the  illustration) 
fractory  furnace  orifice  rings,  and 
plate  and  lead  glass.  In  all  cases. 


AS  CRYSTAL  specifications  become  more  and  more  rigid,  more  and  more 
communication  equipment  builders  are  meeting  the  “specs”  by  acting  on 
the  suggestion,  “Let’s  call  in  Crystalab.” 


There  are  good  reasons  for  this  fact 


1  From  the  beginning,  Crystalab  has  been  meeting  the  rigid 
s{>ecifications  set  by  the  U.  S.  Coast  Guard,  the  U.  S.  Signal  Corps, 
and  other  branches  of  the  armed  services  .  .  .  the  standards  which 
are  the  basis  of  specifications  now  used  by  most  of  the  industry. 


2  Crystalab  testing  equipment,  much  of  it  designed  and  built 
by  our  own  engineers,  is  unsurpassed  in  the  industry.  It  includes 
instruments  for  testing  the  performance  of  crystals  under  all  tem¬ 
perature  and  frequency  conditions.  Thus,  when  a  crystal  leaves 
Crystalab,  it  is  accurate  to  highest  precision  standards. 


Crystalab  service  goes  far  beyond  crystal  manufacture  and  testing,  how¬ 
ever.  Our  laboratory  is  available  for  special  work  in  the  design  and  calibra¬ 
tion  of  new  electronic  circuits  of  all  kinds.  Our  engineers  are  experienced 
in  all  phases  of  communications  research,  design  and  building. 

Whether  your  need  is  crystal  supply,  or  specialized  help  in  the  solution 
of  electronic  problems,  there  is  an  excellent  possibility  that  you  will  find 
the  answer  in  the  words  .  .  . 
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Royproof  and  shockproof.  A  girl  optro- 
tor  adfusts  tho  controls  of  tho  Norslco 
Soarchroy  modol  ISO.  Mado  by  Nortt 
Amoricon  Philips  Co.,  tho  unit  hot  < 
bnilt-in  indlroct  fluoroscopo  and  a  pO' 
tontiol  limn  of  150  krp 


CRYSTAL  RESEARCH  LARORATORIES 


TWENTY- NINE  ALLYN  STREET,  HARTFORD,  CONNECTICUT 


ELECTRON'C 
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Master  testing  instruments  are  required  to  be 
unfailingly  accurate  at  all  times.  Comparable, 
for  example,  to  the  U.  S.  Master  Clock  which 
regulates  all  government  time  is  the  RAULAND 
Frequency  Standard  which  makes  possible  the 
almost  unbelievable  control  accuracy  of  1 /100th  of  1%! 
Its  maximum  backlash  is  .007  of  one  degree  or 
one  part  in  fifty  thousand  .  .  .  and  this  precision 
control  is  jnaintained  throughout  the  entire 
range  of  minus  30®  C  to  plus  50®  C!  A  typfcal 
example  of  RAULAND  engineering  thoroughness 
and  craftsmanship. 


-I 


Ahtu:  Mssttr  Ctttrnmtnt 
Cl*(k  UtMUt!  mt  U.  S.  Bunau 
tfSundmrJi,  9'4ubiiigt$m,  D.  C 


Right:  RAULAND 
Frtftif»cx  Standard 
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Electroneering  is  our  business 


UouuviiiCATioiis  •  reisytstoM 


THE  RAULAND  CORPORATION  •  CHICAGO  41,  ILLINOIS 

uy  Wtr  Bonds  and  Stamps!  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bonds 
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CABLE’S  OWN"B 


m 


mIC rtiii  •'Vr^ 


Assurance  of  standardized  quality  in  the  elec* 
trical  wire  and  cable  products  supplied  by 
General  Cable  starts  with  our  firm  control  of 
raw  materials.  To  insure  absolute  uniformity  at 
all  9  manufacturing  plants,  each  material  used 
is  accepted  or  rejected  by  the'*Control  Testing 
Laboratories’*  situated  in  each  plant,  to  speci¬ 
fications  established  by  the  General  Research 
Laboratory  at  Bayonne.  The  time  of  an  entire 
Bureau  of  the  General  Research  Laboratory  is 
devoted  to  the  setting  of  these  standards  and 
the  devising  and  supervising  of  uniform  tests 
to  enforce  them.  Under  such  a  program  one 
does  not  have  to  hope  for  or  demand  quality 
control  — one  gets  it. 


Manufacturers  of  Bare  and  Insulated  Wires  and  Cables 
for  Every  Electriad  Purpose 


Two  cusomblod  >park-plugs  for  air- 
croft  or*  shown  in  this  radiograph. 
200  plugs  may  bo  x-rayod  at,o  tims 
on  on#  film 


different  when  radiographed.  The 
greater  absorption  of  the  ray  by 
the  lead  makes  it  possible  to  de¬ 
termine  small  differences  in  lead 
content  of  lead  glass. 


Production  Tester  for  Mica 
Capacitors 

In  the  Manufacture  of  mica 
capacitors,  a  method  of  rapid 
measurement  of  capacity  is  neces¬ 
sary  for  sorting  and  other  opera 
tions.  Bridge  balancing  methods 
are  useful  and  capable  of  high  ac¬ 
curacy  and  are  used  where  gradinf 
to  narrow  tolerances  must  be  ilone 
Where  less  accuracy  is  required, 
more  rapid  direct  capacity  reading 
arrangements  recommend  them¬ 
selves. 

•  The  equipment  to  be  described 
was  developed  for  sorting  niirs 
capacitors  within  the  range  100- 
1200  fifif  and  is  calibrated  directly 
for  this  range, 


LOCKS  OR  UNLOCKS 


Designed  in  answer  to  the  aircraft  indus¬ 
try’s  urgent  need  for  quick  easy  operation 
of  doors  and  access  panels  . . .  millions  of 
Camloc  fasteners  today  serve  round  the 
world. 


Camloc  designs  fasteners  to  fit  precise 
needs.  Whether  you  plan  to  make  radios 
or  vacuum  cleaners,  automobiles  or  wash¬ 
ing  machines,  you’ll  find  Camloc  has  much 
to  offer.  For  the  accumulated  knowledge 
and  intensive  experience  that  solved  air¬ 
craft’s  fastener  problem  is  at  your  service. 


The  unit  posses;;?' 

the  qualities  needed  for  production 
test  equipment  as  it  is  small  and 
compact,  simple  to  use  and  to  serv¬ 
ice,  and  supplies  sufficient  accurai; 
for  the  purpose  for  w’hich  it  vvi> 
intended. 

For  mica  capacitors,  it  is  satir 
factory  to  measure  capacity  in 
terms  of  impedance,  neglecting  th? 
effect  which  capacitor  losses  have 
on  this  impedance.  Capacitors  e( 
bad  power  factor  will  be  rejet'vd 
by  other  tests  and,  for  the  accuracy 
of  capacity  required  in  sorting,  tk 
impedance  modification  effected  by 
the  loss  factor  is  not  significant. 

Capacity  accuracy  to  a  few  pfc 
cent  is  usually  satisfactory  and  tb« 


CAMLOC  FASTENER  CORP. 

420  Lexington  Avenue,  New  York  17,  N.Y. 


Designers  and  Manufacturers 


ELECTRONS 


LIKE  THE  E.  S.  COAST  CDAtll 


JEFFERSON 


gether  than  on  the  0-500  n/xf  part 
of  the  acftle:*  * 

A  sWitch  with  spring  return  is 
incorporated  to  switch  the  test 
terminals  to  an  internal  standard 
500-/x/tf  capacitor  to  which  refer¬ 
ence  can  be  made  whenever  desired. 
The  oscillator,  due  to  the  grid  leak 
j  bias  arrangement,  tends  to  main¬ 
tain  a  constant  amplitude  of  oscil- 
llation  but  any  variations  due  to 
are  compensated 


valve  ageing,  etc. 
for  when  required  by  a  screwdriver 
adjustment  of  the  output  potentio¬ 
meter. 

The  same  principle  can  be  used 
for  other  ranges  of  capacity.  For 
rea.Honable  linearity  of  the  scale, 
the  capacitor  impedance  should  be 
several  times  that  of  the  other  im¬ 
pedances  in  series  with  it,  i.e.,  the 
1000-ohm  resistance  and  rectifier 
and  the  section  of  the  output  po¬ 
tentiometer  across  which  the  volt¬ 
age  being  used  is  developed. 

Other  uses  for  the  tester  than 
the  one  for  which  it  was  developed 
suggest  themselves.  Among  these 
are  thickness,  moisture  and  other 


(Photo  CZoUTtesy  of  U.  S.  Coast  Guard.) 


JEFFERSON  TRANSFORMERS 


FREE  FRENCH  OP 


In  this  war,  the  seven  seas  have  seen  the  churning 
of  swift  Coast  Guard  Ships;  and  on  the  seabags  of  n^d 
bers  of  the  Coast  Guard  we  find  such  names  as 
Fedala,  Tulagi,  Florida  Island,  Guadalcanal, 

Attu,  Amchitka,  Gela,  Licata,  Singapore,  Murm^^HH 
Salerno,  the  Marshalls,  Makin  .  .  .  Like  the 
Guard,  Jefferson  Electric  Transformers  are 
around  the  world,  too. 

Jefferson  Electric  engineers  and  facilities 
— mass  production  to  high  quality  standards9^^^^| 
accomplished  fact — with  all  parts  manufactuiW^^^^H 
assembled  under  one  supervision.  Little  wonS^^^^f 
records  of  dependable  performance  have  been^^^^| 
lished  by  Jefferson  Electric  Transformers  on  ra^^^H 
"Walkie-Talkies,”  television,  communications 
systems,  electronic  and  control  applications  n  nfl 
around  the  globe.  JEFFERSON  ELECTRIC 
COMPANY,  Bellwood  (Suburb  of 
Chicago),  Illinois.  In  Canada:  Canadian 
lefferson  Electric  Co.,  Ltd.,  384 
^ape  Avenue,  T  oronto,  Ont. 


Operating  ert  cm  oirfield  on  Gibraltar. 
Madelina  Portalis.  mombor  of  tbo 
French  Service  Feminines  de  la  Flotte. 
qives  landing  instructions  by  radio 


from  the  control  tower  to  an  incoming 
pilot 


IlFCTHONICS  — Ai/guif  1944 


p 


effect  on  impedance  of  a  power  fac¬ 
tor  even  of  0.5  percent  would  not 
affect  the  nominal  capacity  of  the 
capacitor. 

The  method  used  for  the  evalu¬ 
ation  of  capacity  is  the  measure¬ 
ment  of  the  alternating  currimt 
flowing  through  the  capacitor  from 
I  a  substantially  constant  voltage 
j  source.  The  utmost  simplicity  was 
I  aimed  at  and  for  this  reason  the 
I  use  of  stabilized  alternating  cur¬ 
rent  generators  or  negative  feed- 
'  back  amplifiers  was  dispensed  with 
I  and,  instead,  a  rapid  check  method 
1  was  incorporated  in  the  tester  with 
;  a  screwdriver  adjustment  for  com- 
I  pensation. 

j  Circuit 

i 

The  diagram  shows  a  6J7  tube 
;  connected  as  an  electron-coupled 
I  oscillator  operating  on  a  frequency 
I  of  25  kilocycles.  The  output  of 
j  this  oscillator  is  taken  by  means  of 
I  a  wire-wound  potentiometer  to  the 


NOTE  THESE 
ADVANTAGES  OF 

BaW'AIR  WOUND” 

,  CONSTRUCTION 

•  Weigh  less 

•  Mount  easier 

•  Less  susceptible  to 
damage 

•  Offer  greater  design 
adaptability 

•  Wound  to  uniform 
pitch 

•  Exceptionally  low 
dielectric  loss 


. . .  BIG  «r  lITTlE . . . 
STAIIDAIID  or  SPECIAL 

Here  you  see  a  large  B&W  low-frequency 
variometer-type  inductor,  tailor-made  for  a 
war  equipment  application,  compared  in 
size  to  the  B&W  75-watt  ^Junior”  of  ama¬ 
teur  radio  fame.  If  a  25-watt  ”Baby”  were 
put  in  the  picture  youM  hardly  see  it— 
and  some  of  the  new  coils  just  coming  off 
B&W  production  lines  are  many  times 
smaller  than  that ! 

The  point  is  that  B&W  offers  inductors 
in  the  broadest  assortment  of  shapes,  sizes, 
and  types  on  the  market  today.  Whatever 
your  requirement,  write  for  recommenda¬ 
tions  and  suggestions. 


BARKER  &  WILLIAMSON 

235  FAIRFIELD  AVENUE  UPPER  DARBY,  PA. 


Exporf:  LINDETEVES,  INC,  10  Rocktftllar  Plazo,  N«w  York,  N.  Y.,  U.  S.  A., 


To  cApcicitor 
uncle  rfest 


Circuit  ior  rapid  measurement  oi  mica 
capacitors.  Coil  Li  consists  oi  thrM 
pies,  each  containing  500  turns  oi  No. 
40  SWG  on  a  Vi-inch  iorm.  Feedback 
coil  L,  contains  200  turns  oi  No.  36 
SWG  wound  between  the .  pies  oi  Li 

terminals  of  the  capacitor  under 
test.  In  series  with  this  capacitor 
a  1000-ohm  resistor  is  connected  to 
ground.  Across  the  1000-ohm  re¬ 
sistor,  a  half-wave  copper-oxide 
rectifier  and  a  0-1  d-c  milliammeter 
are  used  to  give  a  measurement  of 
the  current  flowing  through  the  re¬ 
sistance  by  measuring  the  voltaRC 
across  it.  The  milliammeter  scale 
is  calibrated  in  100-/t/xf  steps  from 
100-1200  /i/if.  Towards  the  end 
of  the  scale  there  is  a  tendency  fot 
the  100-/i/if  steps  to  be  closer  tc 
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TAKE  THESE  TWO  STEPS 


The  rtght  relay,  of  course,  is  the  one 


which  will  exactly  fit  your  needs,  and 


give  you  the  longest,  most  depend¬ 


able  service  at  lowest  cost.  Here’s 


how  you  can  get  it: 


1.  Write  for  the  Automatic  Electric 


catalog.  It  lists  over  forty  basic  types 


of  relays,  providing  every  combina¬ 


tion  needed  for  modern  electrical 


control.  All  technical  facts  are  clearly 
tabulated  for  your  guidance. 


2.  If  you  want  help  in  applying  this 
information  to  your  problem,  call  in 
our  field  engineer.  He  will  be  glad 


to  put  his  experience  to  work  for  you. 


Send  today  for  your  copy  of  the 


catalog — or  simply  ask  our  field  engi¬ 


neer  to  bring  one  over. 


AUTOMATIC  ELECTRIC  SALES  CORPORATION 
1033  West  Von  Bvron  St.,  Chicooo  7,  III. 


AND  OTHER  C  C^N  TROL  DEVICES 


AUTOMATIC 

ELECTRIC 


b  Cmadmt 


(CanoSkii 


AiAswHc 


>2 
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BIABCfO  OiSIQNS  put  MittroT"-  Model  314  tt}); 

ftngerffpe  with  tmlity  test-  voltages  ^ 

tple  to  operate,  IcxiMe  omI  that 

^iad  each  design  io  the  ipand  pates  near  future, 

yring  reflected  in  snlieripr  Has  aoclEfi^  i^  ^^i^ceivinK  tubes, 
lance  and  nnfaiUng  accuracy.  no  adapfera~Tfbq<dft|d!|^^j®feidual 
»w  Tube  Tester  Model  814  coitions  for  ea^ 

Ifies  many  technical  improve-  Lever  type  switching  ^esteois  each 
It  is  designed  for  faster  .tube  prdhg,  checks  framing  fila- 
of  Octal  Loctal,  Bantam  ments,  dual  cathode  .^r^tufcs  and 
iniature,  and  all  multi-purpose  tubp^Se^ii^ate  plate 


a  '.■*T  •  :  -  \'ei., 

.  ■shbf^jNrs?;'^  .  •  > .  ■ 

tube  ■' .  4  .  :>r 

scale. '-Pi liOi:  .  tir.' ''.■■■  d.  ^  ’ 

fused  plug  smsfii'oTOtar.  ^ 

iluraWu  inch  \ 

Weight;  It^  ibs,  Code:  Atlas. 

MOOCl  314 

Csinplct*  Ipf  ofMrefion  on  i  d  Q  jC^ 
40  cyel«.  110  V.  40. OU 

50-60  cyciM.  220  V. .  $49.95 

Other  RCP  instruments  are  de¬ 
scribed  in  our  Catalog  No.  128. 
These  are  instruments  which  con¬ 
form  with  Government  specifica¬ 
tions  or  are  recognized  as  “stand¬ 
ard”.  Our  engineers,  keenly  aware 
of  the  complex  problems  created 
by  the  development  of  new  prod¬ 
ucts.  are  ready  to  assist  you  by  de¬ 
signing  special  instruments  for 
your  requirements. 


fCTRONICS 


&  ELECTRONICS  CO. 

212  Fulton  Street,  New  York  7,  N.  Y 


Television 


(Continued  from  page  97) 
the  NTSC  to  permit  the  use  of  rv.t 
chanical  scanning  devices  in  the  f? 
ceiver,  should  such  prove  ad  van 
tageous.  The  RTPB  Panel  made  c 
changes  in  these  standards. 

The  remaining  standards  (ij 
19  and  21)  relating  to  the  metho 
of  rating  television  transmitters  tn 
maximum  white  level,  and  the  p( 
larization  of  the  emitted  waves,  ar 
identical  to  the 


EEN  THESE  COVERS! 


previous  rccori 
mendations  of  the  NTSC.  j 

In  summary,  the  RTPB  Panel  hJ 
modified  the  NTSC-FCC  standard 
in  one  respect  (reducing  the  irutxf 
mum  deviation  of  the  frequercy 
modulated  sound  signal  and  increas 
ing  the  sound  signal  radiata 
power)  to  permit  easier  use  on  tb 
higher  frequency  channels,  and  ha 
tightened  the  standards  in  two'  n 
spects  (by  the  elimination  of  an  d 
ternative  method  of  picture  mo^jj 
lation  and  an  alternative  vertia 
sync  signal  which  is  believed  t 
have  no  particular  merit).  Othei 
wise,  the  standards  remain  as  st 
i  up  and  adopted  in  1941.  This  is  i 
I  itself  a  tribute  to  the  work  of 
j  NTSC  and  of  its  predecessor,  tt 
RMA  Committee  on  Television. 


Mffer 

pELfVERY 
ivER  y 

^  yV 

ws  // 


/  SEND  FOR 
THIS  MASSIVE 

FREE 
Buying  Guide 
-today! 


Staadards  of  Good  ERgiaMriaq 
Practice 

In  addition  to  the  primary  .stand 
ards  of  television  transmission  ju> 
described,  proposed  “standards  n 
good  engineering  practice”  w^r 
studied  by  Committee  5  of  th 
include  tolerainf 


Panel.  These 
(such  as  those  expressed  in  stand 
ards  15,  16,  and  17  of  Table  III 
certain  transmitter  operating  chur 
acteristics,  and  methods  of  rnt 
urement  which  relate  to  the  Iki  ’ 
standards. 

Strict  specification  was  deemv 
impractical  in  many  cases.  For  >  \ 
ample,  the  linearity  of  sweep  lir 
cuits  in  the  camera  was  discll^^^ 
and  a  method  of  measuring  it  d® 
scribed,  but  no  strict  tolerances  lai 
down.  The  “dynamic  charaiterli 
tic”  of  the  transmitter  (the  rek 
tionship  between  subject  brightna 
in  the  studio  and  transmitter  ou! 
put  voltage),  is  recommended  tob 
“substantially  logarithmic”.  Hos 
ever,  no  tolerances  are  set  up,  pen^ 
ing  further  studies. 

Methods  of  measuring  Ihe  sid* 


Available  without  charge  to  author* 
ized  purchasing  agents,  engineers 
and  expediters,  who  write  to  us 
on  Company  stationery,  stor¬ 
ing  their  title. 

Address  Box  G 


PARTS 
TUBES 

ySTRIAL 

■^EQUIPMENT 


T0lmpkon9  BArcloy  7-1840 
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The  RCA  77-C1  Special-purpose  Microphone. 
Provides  o  uni-directionol,  bi-directional  or  non- 
directionol  response  os  desired.  Change  from  one 
to  another  by  turn  of  o  switch.  Frequency, response 
constant  through  entire  operating  angle.  A  combi¬ 
nation  of  flexibility  and  quality  which  is  unequaled 


The  RCA  88-A  Pressure  Microphone.  A  rugged,  non- 
critical  unit  —  especially  suited  for  remote  pickups. 
Weighs  only  a  pound,  provides  a  high  output  level,  has 
a  moisture-proof,  molded  styrol  diaphragm  and  a  pro¬ 
tecting  wind  screen.  Response  of  60  to  10,000  cycles 
mokes  it  suitable  for  many  studio  uses  as  well  as  remotes 


The  man  is  mad! 


Brunelleschi,  the  Florentine  architect,  was  called  insane 
when  he  declared,"!  propose  to  raise  a  cupola  without 
a  center  column  and  without  any  framework  whatever. 
It  must  be  turned  in  the  manner  of  the  pointed  arch 
and  must  be  double... the  building  must  be  strength¬ 
ened  by  the  dove-tailing  of  the  stones  . . .  the  walls 
must  be  girt  around  by  strong  beams  of  oak.”  Brunel¬ 
leschi’s  daring  plan  won  a  few  followers.  The  architect 
died,  but  his  design  was  carried  out  and  the  exquisite 
dome  of  Santa  Maria  del  Fiore  rose  majestically  over 
the  city.  It  is  Brunelleschi’s  most  famous  work. 


TYPHON/TE 


ELDORADO 

PENCIL  SALES  DEPARTMENT  59  J  8 
JOSEPH  DIXON  CRUCIBLE  COMPANY,  JERSEY  CITY  3,  N.  J. 


bands  in  the  transmitter  output,  to 
conform  with  the  standard  shown 
in  Fig.  4,  are  also  proposed.  The 
modulating  signal  consist  of  sync 
pulses  and  variable-frequency  sire- 
waves  whose  peak-to-peak  ampli- 
tude  is  0.5  the  peak  sync-pulse  am¬ 
plitude.  The  sinewave  frequency  is 
varied  throughout  the  video  range 
and  the  field  strength  radiated  by 
the  transmitter  measured,  against 
the  100-kc  sideband  as  a  reference. 
In  case  field  strength  measurements 
are  not  sufficiently  reliable,  meas¬ 
urements  of  r-f  voltage  developed 
across  a  resistive  dummy  load  may 
be  used  in  conjunction  with  the 
measured  characteristics  of  the 
transmitting  radiator.  The  attenu¬ 
ation  ■  tolerance  recommended  is 
that  the  field  strength  so  measured 
be  down  at  least  20  db  from  the 
100-kc  value  at  values  lower  than 
1.25  Me  and  higher  than  4.5  Me 
from  the  carrier.  Within  the  side¬ 
band  regions,  the  characteristic  is 
to  fall  not  more  than  2  db  up  to  a 
modulating  frequency  of  1.25  Me 
and  not  more  than  6  db  up  to  a  fre¬ 
quency  of  3  Me.  In  the  low  fre¬ 
quency  range  it  is  recommended 
that  the  variation  in  transmitter 


POLICE  RADIO  IN 
LONDON 


Drawing  pencils  are  tools  which  transform  daring  ideas 
into  tangible  designs.  Typhonite  Eldorado  pencils  are 
master  tools.  Whatever  the  point — needle  or  chisel — 
Typhonite  Eldorado  Is  the  easy,  pleasant-to-use  pencil 
that  makes  the  line  or  figure  crisp,  sharp,  firm,  clean. 
Result?  The  job  is  better  and  the  day  made  brighter 
for  all  hands. 


IVt  iff  foi  your  ComtAimentary  Copy 
"I  Shall  Arise" — a  portfolio  of  Typhonite 
Eldorado  pencil  reproductions  hy  Samuel  Cham¬ 
berlain.  Suhtects  are  buildings  of  art  and  his¬ 
torical  importance  bombed  by  the  Luftwajfe. 


An  eiiicient  radio  not  it  operated  in 
London  by  American  MP'e.  A>  shown 
above,  men  in  cruising  ieeps  report  in¬ 
cidents  by  radio  to  headquarters  oi 
Provost  Control  via  a  central  station 
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Need  a  Motor 

that  can  lift, 

500  times  its 


oiwnwei^t? 


This  electric  motor  weighs  only  a  pound. 

But  more  power  is  packed  in  that  one 
pound  of  motor  than  has  ever  been  before. 


[ - 

With  Lear  gearing  it  can  handle  a  quarter-ton 
load. 


4nd  it  has  to  be  ready  to  do  that  in  an  insUnt 
Because  this  motor  moves  control  flaps,  and 
beater  shutters  on  warplanes.  And  air  pr^ 
,ar«  mount  high  at  the  speed  these  ships  «y. 

On  aireraft,  even  the  wei^t  of  a  ^ 

has  to  be  considered.  So  this  motor  had  to  he 

light 


.ere’s  little  room  in  an  airplane.  So  it  had 

be  small. 


,ere  was  no  preeedeni  lo 
aeering. 

.r  need  a  motor  like  this.  It  may 

.1  if  you  are  “^Idn”  we  want 

rtoring  some  pea  de- 

rirnstir^oXuatP^ 

loped  al  g  to  know 


^  ^  yj.  I 
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One  reason  for  the  outstanding  acceptance  of  *LEXEL  Tape 
as  primary  insulation  for  wire  and  cable  is  its  good  insula¬ 
tion  resistance.  This  quality  has  enabled  manufacturers  of 
communications  systems  to  supply  equipment  with  the 
absolute  minimum  of  interference  or  “cross  talk”. 

Can’t  you  imagine  the  staggering  losses  in  lives-^mate- 
rials — or  both,  if  orders  were  jumbled  or  unintelligible? 

*LEXEL  provides  this  protection  with  extremely  light, 
thin  material — a  marked  saving  in  space  and  weight  as  com¬ 
pared  with  most  insulation  for  low  tension  circuits.  This 
is  especially  important  in  compact,  portable  equipment. 

In  dielectric  strength  *LEXEL  tests  high;  it  has  very  low 
moisture  absorption  and  is  flame  retardant.  It  performs 

(efficiently  at  extreme  temperatures. 

The  conductor  is  CENTER-SEALED  in  a  continuous 
helical  tube  of  *LEXEL—  sealed  by  the  heat  which  disperses 
the  lacquer  solvents.  It  is  furnished  in  sizes  for  all  gauges 
of  wire  and  cable,  in  rolls  to  fit  standard  serving  machines. 

Let  us  send  additional  information,  samples  for  testing 
and  the  names  of  manufacturers  supplying  *LEXEL  insu¬ 
lated  wire. 

CUSTOM-MADE  INSULATION! 

As  a  regular  service,  Dobeckmiin  engineers  also  develop  laminated 
insulation  products  custom-made  to  special  purpose  specifications, 
such  as  slot  cell  and  phase  insulation  for  motors,  insulation  for 
shipboard  cables  and  other  uses.  If  your  requirements  are  unusual, 
call  on  us. 

)«££X£L**  is  s  rsgisisred  tfsds-msrk  of  TUs  Dobockmun  Compsay* 


■4- 


CLEVELAND,  OHIO 


OAKLAND,  CAL 


ICS  ■  — 
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output  from  frame  to  frame  be  not 
more  than  five  percent,  due  to  all 
causes,  including  hum,  noise  and 
low-frequency  response. 

The  peak  power  output  of  a  trans¬ 
mitter  is  defined  as  1.73  times  the 
average  power  measured  in  a  re¬ 
sistive  dummy  load  (resistance 
equal  to  the  transmission  line) 
when  the  transmitter  is  transmit¬ 
ting  a  standard  black  television  im¬ 
age.  Various  definitions  of  rated 
power,  maximum  peak  power,  and 
operating  peak  power  are  stated. 
The  carrier  frequency  stability 
recommended  is  plus  or  minus  0.005 
percent,  compared  with  0.01  percent 
required  by  the  FCC  at  present. 
Finally,  it  is  urged  that  the  esr  (ef¬ 
fective  signal  radiated)  now  used 
by  the  FCC  as  a  basis  for  licensing 
television  stations,  be  dropped  in 
favor  of  a  more  complete  specifica¬ 
tion  of  transmitter  coverage  shown 
on  a  contour  map. 

In  conclusion,  it  is  appropriate  to 
quote  the  RTPB  Panel  Report, 
which  expresses  the  unanimous 
opinion  of  members  concerning  the 
validity  of  the  proposed  standards 
and  their  suitability  for  immediate 
postwar  use: 

“It  is  understood  that  expansion 
of  commercial  television  activity 
must  await  availability  of  materials 
and  personnel.  Prior  to  the  resump¬ 
tion  of  full-scale  operations  it  is  im¬ 
portant  that  the  proposed  stand¬ 
ards  be  periodically  re-examined 
•  in  the  light  of  technical  develop¬ 
ments.  Panel  6  agrees  that  the  pro¬ 
posed  standards  are  the  best  on 
which  to  resume  television  activity, 
based  on  all  presently  available  in¬ 
formation,  and,  moreover.  Panel  6 
agrees  that  the  standards  do  not  in 
any  way  restrict  the  use  of  classi¬ 
fied  developments  now  individually 
known  to  the  Panel  and  its  Commit¬ 
tee  members.” 


Typ*  '*C*'  D.C.  G««*r«for 
Pcrmaiiant  Magnet  Flald,  ball-baorlng 
•qulppad:  outtida  diatnatar,  3H“  in 

langth  I  .  .  xraighi  li  ouncat. 


#  The  many  important 
advantages  of  the  Motion 
Picture  Two-Way  Multi¬ 
cellular  loudspeaker  sys¬ 
tem  have  been  perfected 
in  a  small,  comp>act  two- 
way  loudspeaker  for 
broadcast  and  home  ra¬ 
dio  sound  reproduction. 
This  new  Altec  Lansing 
Duplex  Speaker,  with  a 
60®  angle  of  horizontal 
distribution,  revolution¬ 
izes  the  methods  of  sound 
reproduction. 


PROMPT  DELIVERY 


Elinco  fractional  —  h.p.  motors  and  gan- 
•rotors  combina  compactness  and  small 
siu  with  utmost  precision  and  accuracy, 
the  result  of  long  experience  and  ex¬ 
treme  manufacturing  care  and  testing 
.  .  .  plus  adequate  production  to  assure 
the  most  prompt  delivery  possible. 


Type  "I"  A.C.  Canareter 
Permanent  Magnet  Field  wound  for  one,  two 
or  three  phqip  A.C.  Ball-bearing  equipped; 
flange  or  base  mounted.  2*4"  outside  diam¬ 
eter  ...  .  weight  14  ounces. 


ZUnco- 


RECORDINGS  OF  THE  OLD  and 
New  Testaments  have  been  com¬ 
pleted  on  169  phonograph  discs, 
each  playing  a  half  hour,  and  have 
been  issued  by  the  American  Foun¬ 
dation  for  the  Blind  as  a  Talking 
Book.  The  foundation  had  the 
financial  assistance  of  the  Library 
of  Congress,  the  American  Bible 
Society  and  the  New  York  Bible 
Society.  All  Talking  Books  are  sent 
to  sightless  persons  at  no  cost. 


Can  supply  quantity  production  on 
standard  items,  or  produce  experimental 
or  production  machines  built  to  your  own 
specifications. 


LANSING  CORPORATION 
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^MMtP^INC  lOCK  ^ 
•tftftli-lOCKiD  fOStTION 


Why?  Because  It’s  a  SPEED  NUT 


SPEED  NUTS  are  made  of  heat-treated, 
live  spring  steel.  They  have  a  live  arched 
spring  lock  and  an  inward  thread  lock. 
Live  spring  action  absorbs  vibration  instead 
of  merely  resisting  it. 

Before  Pearl  Harbor,  over  two  million  a  day 
were  used  on  automobiles,  refrigerators, 
stoves,  heaters,  radios  and  hundreds  of 
other  products.  When  the  shooting  is  over* 


still  more  will  be  used  because  more  engi¬ 
neers  have  learned  that  SPEED  NUTS  are. 
lighter,  double-locking  and  faster  to  apply. 
And  in  addition  to  all  their  exclusive  advan¬ 
tages,  SPEED  NUTS  still  cost  substantially 
less  than  other  self-locking  nuts.  Write  today. 

TINNIRMAN  PRODUCTS,  INC. 

2106  Fulton  Rood,  CUvolond,  Ohio 
In  Canada  ■  Wallaca  larnnt  Co.,  ltd.,  Hamilton,  Ontario 
In  [nolondi  Simmondi  Aorocniioriai,  ltd.,  London 


^AITINO  notitiOM 


TUBES  AT  WORK 


ConTenient  Remote  Amplifier . 

Two-Way  F-M  Units  Installed  in  Freight  Yardji 

New  Film  Recorder  in  Invasion . ! . 

Blind  Landings  with  Dectronic  System . 

Quick  Neutralizing  Tests . 


Convenient  Remote  Amplifier 

By  Alvin  Ih  Smith 

Chief  Engineer  K8CJ 
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Circuit  oi  the  iBMcpuoslT*  rumot*  ompliliar  thot  was  coostructed  of  spars  ports  at 
K8C).  Ths  oTsroU  goin  is  SO  db 


Two-Way  F-M  Units 
Installed  in  Freight  Yards 


F-M  COMMUNICATION  between 
trains  was  inaugurated  June  5,  at 
the  freight  yards  of  the  R<»ck 
Island  Lines  in  Chicago.  The  in- 1 
stallation  consists  of  two  locomo¬ 
tives  equipped  with  portable  f-m 
transmitting  and  receiving  equip¬ 
ment  and  a  master  control  unit  in¬ 
corporating  transmitter  and  re¬ 
ceiver  at  the  freight  yards  at  Blue 
Island  and  interconnected  with  the 
incoming  and  outgoing  freight  sta¬ 
tions.  The  equipment  is  used 
primarily  to  increase  efficiency  of 
operation  and  speed  up  service  as 


On  approaching  the  railroad  yardi, 
train  crews  can  now  receive  iiutnic- 
Hons  irom  the  train  dispatcher  via 
Motorola  i-m  equipment  mounted  be¬ 
hind  the  engineer 


well  as  to  minimize  delays  in  the 
routing  of  freight  traffic. 

The  f-m  radio  equipment  used  is 
fundamentally  that  described  on 
page  102  of  the  January  1944  issue 
of  Electronics,  and  manufactured 
by  the  Galvin  Mfg.  Co.  of  Chicago. 
Several  modifications  have  been  in¬ 
corporated  in  order  to  adopt  the 
Motorola  standard  unit  for  train 


Technical  Features 


Provision  is  made  to  communi¬ 
cate  by  means  of  a  hand  telephone 
set,  while  a  loudspeaker  is  used  for 
calling  purposes.  Wire  telephone 
links  from  two  freight  yards  con 
nect  with  the  master  radio  control 
unit  and  thence  by  radio  links  to 
either  of  the  two  radio-equippe<i 
locomotives.  The  master  contfo' 
equipment  is  located  at  the  base  of 
a  90-ft  lighting  tower  which  sup- 
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ports  a  conventional  whip  antenna. 

A  selective  tone  system  of  calling 
has  been  developed  so  that  the  de¬ 
sired  train  may  be  called  without* 
interfering  with  other  radio-equip¬ 
ped  locomotives.  This  operates  by 
means  of  a  resonant  system  which 
actuates  the  relays  in  the  appropri¬ 
ate  locomotive  when  the  call  system 
is  actuated  at  the  freight  yard. 
Provision  is  made  for  calling  any 
one  of  ten  locomotives  at  will  and 
the  system  may  be  expanded  for 
any  number  of  units.  All  radio- 
equipped  trains  can  be  called  for  a 
general  broadcast. 

Each  locomotive  contains  a  whip 
antenna,  loudspeaker  and  hand  set, 
f-m  receiver,  f-m  transmitter,  and 
power  generating  units.  At  present, 
all  communication  is  at  39.95  Me, 
but  plans  are  under  way  to  operate 
about  250  Me  after  the  war. 

Another  application  of  f-m  equip¬ 
ment  which  was  demonstrated  by 
the  Rock  Island  Lines  is  an  f-m 
system  for  duplex  operation  in  the 
event  of  failure  of  railway  tele¬ 
phone  lines.  In  operation,  one  port¬ 
able  radio  unit  is  used  at  each  end 
of  the  line  where  a  break  occurs. 
Provision  is  made  for  feeding  audio 
energy  from  the  telephone  line  into 
the  radio  unit.  Two  such  units  re¬ 
place  the  damaged  wire  circuits  and 
permit  an  operation  over  a  distance 
of  15  miles.  Operating  under  the 
call  letters  KBPK  on  frequencies  of 
30.66  and  39  54  Me,  this  duplex 
equipment  has  already  seen  useful 
service  when  storms  damaged  wire 
communications  facilities. 


New  Film  Recorder 
in  Invasion 

The  now  famous  broadcast  by 
George  Hicks,  Blue  Network  cor¬ 
respondent,  (an  eyewitness  account 
of  a  Nazi  aerial  attack  on  Allied 
ships  in  the  first  stages  of  the  in¬ 
vasion)  was  made  on  a  recorder 
using  35-mm  movie  film. 

The  machine  embosses  a  sound 
track  on  blank  film  and  can  record 
120  lines  across  the  width  of  the 
strip.  This  provides  a  12,000-ft 
sound  track  on  a  50-ft  film,  about 
five  hours  of  steady  recording.  The 
embossing  is  made  with  a  sap¬ 
phire  stylus  mounted  in  a  magnetic 
head  that  presses  against  the  film 
when  it  is  supported  by  a  resilient 


Th*  moTi*  film  recorder  in  action  with  George  Hicks,  Blue  Network  correspondent, 
while  he  interriews  Nary  men  aboard  on  LST  lust  prior  to  D-Day.  The  recorder  uim 
both  sides  of  a  504t  film  to  accommodate  a  12,000-ft  sound  track 


pad.  A  second  sapphire  in  a  mag¬ 
netic  head  is  used  for  playback. 

An  important  feature  of  the  ma¬ 
chine  is  that  starting  and  stopping 
are  controlled  by  either  a  manual 
switch,  electrical  impulses  or  voice 
or  sound.  An  automatic  volume 
control  circuit  is  used  to  prevent 
overmodulation  and  resultant  over¬ 
lapping  of  the  sound  grooves.  Made 
by  Amertype  Recordgraph  Corp.  of 
New  York. 

Censoring  of  Hicks  story  was  ac¬ 


complished  by  feeding  the  outpp 
of  the  original  film  into  anothK 
machine  and  breaking  the  ciri  pii 
when  censoring  was  necessary.  Itti 
this  process,  it  was  discovered  th;^ 
syllables  of  words  could  be  de!=  t  t 
In  one  recording,  the  censor  cw 
jected  to  a  word  that  was  plurAl; 
The  next  word  was  singular,  butm 
form  a  sentence  it  had  to  be  plu- A- 
so  the  sibilant  sound  of  the  ‘s’  .  Jr 
taken  off  the  first  word  and  put  m 
the  second  word.  Ifr' 


Blind  Landings  with  Electronic  System 


An  instrument  which  permits 
pilots  to  make  blind  landings  on 
runways  within  fifty  feet  of  a  pre¬ 
selected  spot  is  now  being  built 
into  combat  planes  and  trainers. 
The  instrument,  shown  in  the 
photographs,  is  used  as  the  indi¬ 
cator  of  an  electronic  system  that 
is  the  result  of  seven  years  of  con¬ 
tinuous  research  and  development 
by  Westinghouse  Elec,  and  Mfg. 
Co.  and  the  Walshington  Institute 
of  Technology,  which  worked  with 
the  U.  S.  Navy  to  originate  a  sim¬ 
plified  device  for  taking  the  guess¬ 
work  out  of  blind  landings. 

In  the  electronic  system,  the 
pilot  gets  all  directions  for  descent 
by  watching  two  crossed  pointers 
and  two  signal  lamps  on  the  in¬ 
strument.  These  are  actuated  by 
two  radio  receivers  in  the  plane 
which  are  tuned  to  the  directional 


beams  transmitted  by  the  giM 
equipment.  One  receiver  resyn 
to  the  localizer,  or  on-course  b; 
and  moves  the  vertical  pointer 
the  instrument  dial.  The  so* 
receiver  responds  to  altitude  ^ 
nals  and  operates  the  horiz  > 
pointer. 

Transmitters 

Four  radio  transmitters  and! 
antenna  systems  at  and  near  uH 
airport  comprise  the  ground  raH 
equipment.  These  produce  bca* 
which  first  indicate  the  pilot’s 
proach  to  the  field  and  then 
the  field’s  boundary ;  establish 
invisible  glide  path  which  leads  H 
the  runway;  and  signal  direiti* 
for  keeping  the  glide  to  the  fifl 
neither  too  shallow  nor  too  st« 

Vertical  guidance  is  provided# 
three  of  these  transmitters.  ® 
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furnishes  the  glide  path,  a  radio 
beam  similar  to  the  funnel-shaped 
ray  thrown  by  a  flashlight.  The 
other  two  transmitters  are  markers 
whose  beacon  signals,  transmitted 
vertically,  light  the  lamps  on  the 
instrument  panel  via  the  plane’s 
marker  receivers.  The  first  flash 


The  two  croMod  pointon  on  tho  inatni- 
mont  oboTo  tho  control  post  romoin  is 
alignment  with  dotted  Unes  on  ths 
panel  face  os  long  as  o  pilot's  descent 
to  on  unseen  nmway  is  prodsely  on 
coarse.  Signals  from  transmitters  on  the 
ground  actuate  the  pointers 


tells  the  pilot  he  is  a  few  miles 
from  the  airport  and  that  he  should 
prepare  for  the  glide  path  by  main¬ 
taining  an  altitude  of  1500  feet. 
When  a  similar  beam  from  the  sec¬ 
ond  marker  lights  the  other  lamp, 
the  pilot  knows  he  has  reached  the 
boundary  of  the  field. 


Newest  listings  of  amplifiers,  communications 
equipment,  radio  tubes,  testers,  etc 

The  latest  developments  hi  inter-communkations 
equipment. 

Greatly  expanded  listing  of  needed  tools,  tspe» 
chilly  for  assembly  and  factory  use. 

Advance  listings  of  1944  radio  and  electronk 
books;  repair  and  replacement  parts;  bargobi 
section  of  values. 

A  brand  new,  up-to-the-minute  catalog  that 
should  be  fai  the  hands  of  industrial  plants, 
laboratories,  government  and  military  servlets, 
schools,  radio  servicemen  and  dtcritrs  (on  126S), 
everybody  engaged  in  vital  war  and  dvHlan  work. 


Operation 

The  homing  path,  or  localizer, 
is  produced  by  ultrahigh  frequency 
radio  transmitters  feeding  two 
sharply  directional  loops.  Signal 
strength  emanating  from  the  loops 
is  almost  equal  if  the  plane  is  on 
course  and  flying  in  directly  b^ 
tween  them.  This  the  vertical 
pointer  of  the  instrument  inter¬ 
prets  by  assuming  an  upright  po¬ 
sition. 


Tho  Lofayotto  Radio  Catalog  No. 
94  will  rushed  to  you  upon 
request.  Fill  out  this  coupon 
NOW! 


UFAYCTTE  RADIO  CORT. 

901  W.  JockMii  RhrR.,  dilcag*  7,  III. 


Pfeow  rush  my  FREE  copy  of  thm 
Lafayette  Radia  Catalog  No.  94. 

NAME . 

ADDRESS . 

CITY . HAH . 


Should  the  plane  wander 
to  the  left  or  right  of  the  course, 
the  corresponding  signal  predom¬ 
inates  and  the  vertical  pointer 
veers  in  that  direction  in  an 
amount  roughly  proportional  to  the 
distance  the  ship  has  flown  off 
course. 

The  horizontal  pointer  remains 
in  position  across  the  center  of  the 


901  W.  JocksoB  Blvd.,  Chicogo  7,  Illinois 265  Peochtree  Stftt,  Atlonto  3,  Seorgio 


ELECTRONICS 


Xbis  interesting,  24-page  booklet 
describes  in  detail  the  new  and  im¬ 
proved  Q-Max  A-27  Radio  Frequency 
Lacquer. 

Uses  are  illustrated  and  described... 
the  excellent  electrical  and  physical  prop¬ 
erties,  as  determined  by  careful  labora¬ 
tory  tests,  are  recorded ...  the  dielectric 

PRODUCTS  ^  COMPANY,  Inc. 

744  BROAD  ST. 


COMPANY,  Inc. 

NEWARK,  N.  J. 


FACTORY:  346  BERGEN  AVE.,  JERSEY  CITY,  N.  J. 
Coaxial  Trantmistion  Lino  and  Fitting*  •  Storing  Switc*<-* 
Awto>Dryair*  .  Antonno  and  Radiating  Sy«t*m«  •  O-Mox 
A>37  Radio  Frtquoncy  Locquor 


constant,  power  factor  and  low  loss 
factor  over  a  wide  frequency  range  are 
reproduced  in  graph  form... the  results 
of  laboratory  tests  on  density,  dielectric 
strength,  acid  number,  drying  time  and 
other  characteristics  are  shown. 

Send  for  your  copy  of  this  informative 
booklet  todav. 


COMMI.TNICATION  PRODUCTS  CO.,  INC 
744  BROAD  STREET,  NEWARK,  N.  J. 

Send  me. .  .copies  of  your  Q-Max  A-27  Lacquer  Booklet. 


Cmmpatiy, 

Address^ 
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^tKctPTWL  mmwm. 

.  ,  _  H.rMV.HaW 


Ai>A  the  Anny-Navy  "E" 

Bechonic  Products. 


Electronic  Products.  accept 

this  honor.  The  t*  P® 

i,  a  ringiug  ohaUenge  ^ 


i,  a  ringiug  ohaUeng  . 

“  ‘JfllTXerjaJ  sirungti. 

•..^piement  their  hghting  h^.  ^  ^ 

We  are  resolv^  *at  s  c  records  of  ex- 

Uej  the  Armed  Forces. 


sr  t'C’™  -  “■•  " 

tronics  Industry. 


Write  for  the 

Z  iCA  Products,  and  brochure 
on  the  ICA  organisation  and 
facilities. 


CORPORATION  OF  AMERICA 


INSULINE  BUILDING  ■  LONG  ISLAND  CITY,  N.Y. 


dial  while  the  plane  is  descending 
at  the  correct  angle.  If  the  glide 
is  too  shallow,  the  pointer  rises; 
if  it  is  too  steep,  the  pointer  moves 
downward. 

The  electronic  landing  system  is 
in  daily  service  at  Indianapolis 
and  several  other  commercial  air¬ 
ports  as  well  as  on  Army  and  Navy 
flying  fields.  Pilots  learn  quickly 
how  to  use  it  and  thousands  of 
our  Army  and  Navy  pilots  hjtve 
learned  to  use  and  depend  on  it  in 
modern  flight  technique. 


Cross  pointsr  indiccrtors  tor  blind  land¬ 
ing  of  aircraft  or*  chocksd  in  ths  Wssl- 
inghouso  Motor  Dtrision  at  Nowark. 
N.  J.  Tho  instnunonts  oporoto  on  a  cui- 
ront  chango  as  small  os  12  micro- 


Many  instances  of  blind  landings 
have  been  reported  where  air  crews 
have  saved  themselves  by  using 
this  visual  dashboard  instrument 
for  guidance  during  their  hazard¬ 
ous  last  mile  earthward.  In  a 
typical  case,  nine  bombers  with  90 
men,  operating  out  of  North 
Africa,  returned  from  a  mission 
to  find  their  Tunisian  base  com¬ 
pletely  fogged  in.  Instructions  by 
radio  told  them  to  make  for  an 
Algerian  port,  as  their  Tunisian 
terminal  was  not  then  equipped 
with  instrument  landing  trans¬ 
mitters. 

They  reached  the  alternate  field 
after  nightfall,  and  were  compelled 
by  dwindling  gas  supplies  to  make 
short  work  of  their  landings.  The 
indicator  guided  them  quickly  and 
precisely  down  to  a  base  unknown 
to  them,  amid  rough,  dangerous 
terrain.  Landing  there  without 
aid  of  the  indicator  might  have 
been  disastrous. 
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TOOLS  AND  TECHNICIANS 

•  .Yours  On  ContrcKt 


like  adding  a  wing 
to  your  plant" 


Planning  to  add  products  to  your  line?  Do 
it  without  manufacturing  headaches  .  .  . 
new  equipment  expenditures  . . .  tooling-up 
delays  .  .  .  employee  instruction  problems 
.  .  .  sudden  big  increases  in  manpower 
demands! 

Do  it  in  one  of  three  ways.  Let  a  qualified 
organization  (1)  make  the  parts  that  pose 
your  problems.  (2)  make  the  entire  new 
article,  or  (3)  make  and  market  the  article. 

Qualified  should  mean  ample  manufac¬ 
turing  facilities  in  plant  and  personnel,  in 
machines  and  in  technicians  who  super¬ 
vise  their  use  —  and,  in  the  case  of  Foote, 
Pierson,  it  means  all  that  and  more! 

With  Foote.  Pierson's  wide  background 
goes  a  service  which  can  include:  engi¬ 
neering  and  design,  machine  shop,  plating 
and  metal  finishing,  assembly;  inspection 
and  checking;  packing,  warehousing  and 
storage.  Foote.  Pierson’s  favorable  loca¬ 
tion.  in  an  area  served  by  a  number  of 
main  railroads,  also  offers  shipping  advan¬ 
tages  by  water  and  by  air  freight. 

Foote.  Pierson  was  among  the  first  to 
produce  non-interfering  succession  fire 
alarm  call  boxes,  stock  tickers,  x-ray  appa¬ 
ratus,  many  components  of  telegraph 
equipment,  instruments  and  aircraft  radio 
communication  apparatus. 

There's  no  obligation  in  a  get-together 
discussion  NOW  for  your  peacetime 
product  plans. 


75  Street  hlewark  4,  J- 

Estab/ished  IS  in  1896 


in  1896 
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N«.  537  Pencil  Tip,  made  frew 
Eliialoy  A,  Tip  Vb'  Ma. 


The  -TIP -lets”  moilre  ffce/r  debut 


The  Electrical  industry’s  new¬ 
est,  triflunest,  slimmest  soldering 
tool— the  Ungar  light-as-a-feather 
Soldering  Pencil  —  now  available 
in  your  choice  of  FIVE  INTER¬ 
CHANGEABLE  TIPS -each  an 
entirely  different  design  to  solve 
your  particular  soldering  prob¬ 
lems. 

Originally  designed  for  speedy, 
precision  production  on  intricate, 
hard-to-reach  soldering  jobs,  the 
Ungar  Soldering  Pencil  is  now 
fipe  times  more  versatile  —  100% 
more  efficient  —  can  be  used  for 
everything  from  the  most  delicate 
operations  to  some  of  the  larger, 
heavier  soldering  tasks. 


The  Ungar  Soldering  Pend!  b 
ruggedly  constructed,  built  to 
take  plenty  of  punishment.  Yet 
it’s  lightweight  .  .  .  weighs  only 
3.6  ounces  ...  is  perfectly  bal¬ 
anced  . . .  handles  with  the  ease  of 
a  fountain  pen  .  .  .  heats  in  90 
seconds,  draws  only  17  watts. 
Overall  length,  7  inches. 

The  soldering  unit  complete 
with  handle  and  cord  set.  No. 
776  and  any  one  of  the  tips  pic¬ 
tured  above  sells  for  considerably 
less  than  $2.00  each.  Priority 
required  on  all  orders.  Immedi¬ 
ate  delivery. 

Please  send  your  order  to  your 
nearest  Electronics  Distributor  or 
Mill  Supply  Home. 


HARRY  A.  UNGAR,  Inc. 

615  DwcoMNiwn  Shrcct,  Dept.  200  Los  Angolos  12,  California 


Harry  A.  Ungar  Inc. 

MANUFACTURERS  OF  ELECTRICAL  WAR  PRODUCTS 


Quick  Neutralizing  Tests 

By  Joseph  Zelle 

Columbia  Broadoanting  Sgttem 

Transmitters  that  are  on  the  air 
for  long  pediods  of  time,  or  contin- 
uous  24-hour  operation,  can  be 
checked  for  neutralization  while  op¬ 
erating.  This  is  accomplished  by 
the  simple  expedient  of  tuning  the 
plate  controls  slightly  off  resonance 
and  observing  the  action  of  the 
grid  meters.  This  procedure  ig 
based  on  the  assumption  that  the 
circuit  is  operating  as  a  pure  am¬ 
plifier,  with  the  deviation  from  nor- 
mal  readings  indicating  some  i^ 
regularity.  It  also  assumes  that  the 
Q  of  the  circuit  is  constant  over  the 
tuning  range.  Theoretically  the  Q 
is  constant  for  only  one  frequency 
in  a  given  circuit ;  however,  for  this 
small  tuning  change  the  Q  is  vir¬ 
tually  the  same. 

Figure  1  illustrates  the  conditicn 
under  investigation  while  tuning 
the  r-f  amplifier.  At  A  is  a  block 
diagram  of  a  neutralized  amplifier, 


FIG.  1 — Typical  conditioiu  of  oparatlM 
af  oo  r-f  Bloga  in  a  transmittor 


the  r-f  input  to  the  grid  circuit 
alone  being  used  to  obtain  the 
power  output  Almost  the  same 
condition  exists  at  B  of  the  sanM 
figure,  an  r-f  oscillator.  It  is  merely 
an  r-f  amplifier  with  some  of  its 
own  plate  power  fed  back,  usually 
in  the  neighborhood  of  6  percent 
of  the  output  and  in  proper  phaM 
for  sustained  oscillations.  Thus  in 
the  grid  circuits  of  A  and  B  only 
one  r-f  current  flows  to  varj'  the 
bias  voltage.  In  C  of  Fig.  1,  we 
have  the  case  of  the  unneutralized 
amplifier,  where  r-f  is  fed  from  » 
preceding  stage,  but  some  r-f  ii 
also  fed  back  from  a  spurious  fre¬ 
quency  in  the  plate  circuit.  This  ii 
really  a  combination  of  an  r-f  am¬ 
plifier  and  an  oscillator  that  results 
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t  THCY  could  make  a  wish 

Hitler  and  hU  pal  could  make  a 
Ish.  they’d  euppreaa  puMIcatlon 
'  the  Hunter  Data  Book.  Many 
Uags  now  allied  against  them 
rrc  deelftned  out  of  this  Interest* 
.i,  informatlTe  book.  Your  signa* 
jre  on  your  letterhead  will  bring 
[^TTipy  to  you  on  the  double. 


TYPICAL  APniCATIIN  8F  A  TBISION  SPURS  AT  WOUL  A  torsion  spring  is  a  fundamontal  spring  for  resisting  a 
turning  movement  of  an  arm  about  an  axis,  or  for  storing  a  turning  force  for  an  indefinite  time  until  release  is  de¬ 
sired.  There  are  many  types,  wound  in  round  or  rectangular  wire,  and  in  single  or  space-saving  double  coils. 


f  ii 
fit- 

is  is 
an* 
mlts 


- your  springs  eostf 


Though  your  product  may  not  func- 
tifMi  at  all  without  8pringa,  springs  are 
usually  a  fraction  of  the  total  cost  of  manu¬ 
facture.  This  occasionally  gives  substance 
to  a  belief  that  any  spring  passing  a  routine 
factory  inspection  will  do. 

The  acid  test  of  a  spring  actually  comes 
later — when  your  product  goes  to  work  for 
your  customer.  Then,  if  trouble  develops, 
you'll  hear  about  it  .  .  .  hut  quick.  One  of 
the  most  reliable  preventives  for  spring  fail¬ 
ure  is  scientific  design  and  manufacture  or 


** Science  in  Springs’’’.  ” Science  in  Springs’’* 
is  a  combination  of  design  that  pre-evaluates 
all  specifications,  and  blueprints  a  spring's 
performance  in  advance  .  .  .  and  manufac¬ 
ture  that  produces  the  right  spring  for  the 
job.  Mathematics  and  metallurgy,  research 
and  statistical  control  of  quality,  lunch 
table  conversation  at  Himter,  are  all  in¬ 
gredients  of  good  springs.  Figure  springs  in 
terms  of  customers  held  and  lost,  and  we 
believeyou’ll  agree  Hunter  Science  in  Springs 
is  a  bargain  in  customer  insurance. 


UNTER  PRESSED  STEEL  COMPANY,  LANSDALE,  PENNA 


NICS 


Cleetrica!  ReikHvify: — 

1050  ohms  per  circular  mil  foot,  or  about  60% 
higher  resistivity  than  most  commercial  alloys. 
Ideally  suited  for  low  temperature  resistor  ap> 
plications,  rheostats,  circuit  breakers,  and 
other  electrically  heated  elements. 


UIPU  Co^ident  of 

fllUM  Expansion:— 

twice  as  great  as  that  of  ordinary  steel,  consider* 
ably  higher  than  aluminum. 

LOW  Thermal  Conductivity: — 

only  2%  that  of  copper.  Brackets  of  this  alloy 
are  being  used  as  barriers  to  reduce  heat  losses 
by  5056. 


Vibration  Damping  Constant: — 

about  25  times  greater  than  that  of  steel.  Especi* 
ally  desirable  in  applications  which  cannot 
incorporate  rubber  or  plastics  to  reduce  vi> 
bration. 


can  be  readily  machined,  stamped,  drawn, 
flanged  or  extruded.  Can  be  spot  welded,  butt 
welded,  or  soldered  to  itself  or  steel,  or  it  can 
be  welded  by  the  atomic  hydrogen  process. 


NOW  AVAILABLE  IN:— 

sheets,  strips,  rods,  and  special  shapes. 

CompleU  engineering  and  research  iacUide* 
available.  Send  for  ‘‘Bulletin  No.  A-942’* 
which  gives  detailed  information  regarding 
Chace  Manganese  Alloy  No.  772. 


Thermostatic  Bimetals  and  Special  Alloys 
1630  BEARD  AVE  •  DETROIT  9,  MKH. 
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not  only  in  poor  efficiency  but  pi 
duces  undesirable  frequencies. 

With  cases  illustrated  at  A  a 
B,  an  ammeter  in  the  grid  cire, 
will  show  the  current  flowing  d; 
ing  resonance,  and  this  current « 
fall  off  in  about  the  same  degi 
either  side  of  resonance,  a.s  ii 
trated  by  curve  AA  of  Fig.  2. 

Some  operators  prefer  to  wat 
plate  and  grid  ammeters  at  t 
same  time,  the  one  rising  and  t 
other  falling  about  the  same  degi 
either  side  of  resonance.  Howevi 
in  tightly  coupled  circuits,  esp 
cially  at  high  frequencies,  these  ti 
relationships  may  not  hold  ev 
though  the  amplifier  is  perfed 
neutralized. 

Instability 

When  another  current  is 
in  the  grid  circuit  due  to  extranet 
oscillations,  the  current  will  not! 
off  at  the  same  angle,  but  one  li 
will  have  a  steeper  dip  than  t 
other.  Thus,  if  in  tuning  from 
to  Fi  and  the  curve  AC  resal 
and  may  be  an  indication  of  uitl 
ance,  possibly  caused  by  bad  « 
tralization.  Curve  AC  might  ia 


1© 


Fig.  2 — Graph  ■bowing  flio  pouilw 
changoa  In  grid  curront  of  on  r-i  asij 
fier  whon  tho  ploto  tonk  circuit  ia  to* 
through  roaonanco 

cate  instability  at  frequencies  al> 
resonance,  which  would  call  for  r 
duction  of  inductance  (in  indii 
tance  neutralization).  Curve  S 
would  show  possible  instability  b 
low  resonance,  requiring  more  i 
ductance  or  capacitance  in  the  ne 
tralization  circuit. 

While  this  system  may  indiis' 
an  unbalance  in  the  tank  circuit, 
is  not  "to  bemused  to  obtain 
ization.  Even  if  an  unbalance 
noticed,  it  is  no  assurance  that’ 
circuit  is  not  neutralized.  I'urth' 


more,  only  operators  thorou?' 
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instruments 


The  problems  of  measuring  low 
juenclcs  usually  require  a  great  deal  of  flexibility 
instruments  and  in  such  work  it  is  generally  desir- 
e  to  make  measurements  by  lissijou  pattern  method. 
hp’  offers  a  simple  solution  to  such  problems  with 
model  lOOB  Frequency  Standard  in  conjunaion 
h  a  10  cycle  frequency  divider.  This  combination 
ustnucd)  will  give  an  output  of  10, 100, 1000, 

000  and  100,000  CPS  with  accuracy  within 
s  or  minus  .001%.  To  provide  a  large  num¬ 


ber  of  harmonics  for  measuring  frequencies  above 
lOOKC, generators  and  mixing  panels  can  be  supplied. 
These  additions  will  provide  the  means  for  measuring 
frequencies  up  to  50  megacycles,  -hp-  can  also  supply 
standardization  and  measurement  equipment  for  much 
higher  frequencies. 

Ask  for  more  detailed  data  and  information.  Give 
us  details  of  your  problem  so  we  can  provide 
an  intelligent  answer.  There  is,  of  course, 
no  cost  or  obligation.  Write  us  today. 


HEWLETT-PACKARD  COMPANY 

Box  880A  *  Station  A  *  Palo  Alto,  California 
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THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORPORATION 

81  PROSPECT  STREET  BROOKLYN  1,  N.  Y 


familiar  with  their  transmiiten 
should  use  this  method,  since  off. 
resonance  operation  can  raise  tht 
plate  current  to  the  point  where  tin 
overload  circuits  would  operate.  Ij 
would  then  be  difikult  to  bring  coi 
trols  back  to  normal  to  get  tl« 
transmitter  back  on  the  air.  Ot 
serving  the  grid  ammeters  should 
be  used  only  to  determine  nornu 
conditions,  with  any  unjsijaj 
changes  warning  the  operator  oi 
some  kind  of  irregularity. 

Another  Method 

Another  way  of  checking  neu¬ 
tralization  rapidly  is  by  cutting  (i 
excitation.  (This  may  require  j 
recording  of  a  carrier  break  a 
the  transmitter  log.)  This  is  dra* 
by  shutting  off  the  auxiliary  oscil¬ 
lator's  plate  supply  and  then  switd; 
ing  the  oscillator  transfer  switd 
to  the  dead  oscillator,  killing  r-l 
to  all  succeeding  tubes.  If  th 
tubes  are  all  biased  to  cut-off  « 
beyond,  the  grid  and  plate  ais- 
meters  should  all  drop  to  zero  in  i 
perfectly  neutralized  transmitte 
and  the  carrier  should  go  off  tk 
air.  Any  flow  of  plate  and  grii 
current  will  indicate  possible  oscii 
lation  in  the  earliest  stage  anc 
should  be  checked  through  reguU; 
neutralization  procedures. 

This  process  of  checking  taka 
only  a  couple  of  seconds,  loiu 
enough  for  the  technician  to  ob 
serve  that  the  particular  ammeten 
read  zero,  while  plate  and  grii 
voltmeters  remain  at  normal  read 
Ampliflers  with  self -bias  an 


Ccdl  it  what  you  will — electronic,  induction 
or  electro-static  heating — there  is  a  specific  Cardwell 
Air  Capacitor,  variable  or  fixed,  for  any  "dielectric 
heating"  apparatus  using  a  vacuum  tube  oscillator 
os  the  radio  frequency  power  source. 


The  Cardwell  "T"  and  "P" 
typei  ol  Torioble  cdr  ca¬ 
pacitors.  illustrated,  repre¬ 
sent  general  frame  sise 
and  construction  found 
most  acceptable  for  this 
equipment.  Smaller  slses 
may  be  bad  for  electronic 
sewing  machines  and  simi¬ 
lar  applications. 


mgs. 

SO  biased  that,  with  all  excitatioi 
removed  a  safe  amount  of  platt 
current  flows.  Such  a  stage  wouU 
seem  to  have  regeneration  or  o* 
cillation,  but  the  skilled  technicial 
will  be  familiar  with  his  cireuiti 

Where  plate  current  flows  will 
excitation  off,  the  difficulty  may  It 
traced  not  only  to  improper  m 
tralization  but  to  spurious  osoills 
tions,  caused  generally  by  simiUi 
r-f  chokes  resonating  in  the  plat 
and  grid  circuits  at  some  far  re 
moved  low  frequency.  Parasitic 
of  high  frequency  due  to  long  r- 
leads  may  also  cause  irregula 
operation  and  may  show  up  "it 
this  check. 

Checks  After  Shntdoicn 

If  the  operator  has  more  tin 
available  and  his  transmitter  is 
the  air  he  has  two  other  easy  "a: 


Avodloble,  or  quickly  made  to  specifications,  ore  either 
single  or  dual  section  models  .  .  .  furnished  with  oirgaps 
up  to  one-holi  inch  between  rotor  and  stator  plates,  and 
with  your  required  capacities. 


A  cooperative  Cardwell  Engineer  will  advise  you  as  to 
the  type  oi  capacitor  your  problem  demands.  Discover 
for  yourself  why  Cardwell  Condensers  continue  to  be 
famous  in  the  field  as  the 


Buy  Another  War  Bond  This  Pay  Day 


ELECTRONII 


looking  for  a  high  value  of 


%? 

t.  9  ,  “ 

■'i^«5i. 

technical  description 

FilaiB»nt..Thori«t*4  Tueniten 

VolU  .  6  5 

Anpcret .  ’•O 

Mu.  Plate  VolUie 

100  Me  .  2000  » 

200  Me  .  1500  » 

W  Mu.  Ay.  Plate 

Current  ....  75  »a 

Max.  Ay.  Plate 

V  Diisipatiofl  .  25  w 

/I  Mu.  Ay.  Grid 

Current  25  wa 

Amplification 

Factor  .  25 

Capacities 

Grid  to  PUte..  1-7  uut 
Grid  to  Filament  2.5  uuf 
Filament  to  Plate  0.4  uuf 
4H'  Oytrall  Heipht, 

11/2"  Diameter 
Noncx  Glass  Envelope 
'Bue  Standard  Small  4  pronp 

*  As  a  Class  C.  Unmodulated 
UHF  Ampifier 


■7— V^WW  I 


S..d  OFFlCf.  NfW  YO.K  ».  Itl*  MOAOWM  KPO.I  OPT..  U  MOAO  ST.KT.  HtW  YO.H  4.  M.  t.  C»ICAOO  g. 
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of  checking  roughly  for  neutral  iza. 
tion.  With  the  filament  of  the 
amplifier  tube  lit,  but  the  plate  volt¬ 
age  off,  r-f  voltage  is  fed  to  the 
amplifier.  While  observing  the 
grid  current  meter,  the  plate  tank 
tuning  capacitor  is  rotated  through 
resonance  (with  no  plate  voltage). 
In  a  perfectly  neutralized  stage, 
the  grid  ammeter  reading  should 
remain  steady,  since  the  plate  cir¬ 
cuit  is  supposed  to  have  no  reaction 
upon  the  grid  circuit. 

In  a  badly  neutralized  stage, 
there  will  be  a  violent  dip  of  the  grid 
meter  while  tuning  through  reson¬ 
ance.  There  will  generally  be  some 
slight  reaction  on  the  meter,  espe¬ 
cially  on  the  higher  frequencies, 
even  though  the  amplifier  is  neu¬ 
tralized,  but  the  operator  will  easily 
recognize  this  flutter  of  the  needle 
pronounced  dip 


e5ion 


OH  THt  NOSE!  Model  21-FX.  full  cycle  incre¬ 
ment.  shown  indicating  e  frequency  of  60  cydee. 
The  60  cyde  reed  is  Yibrsting  to  f\ill  amplitude 
with  the  adjacent  59  and  61  cyde  reeds  prac¬ 
tically  at  a  stand  still. 


from  the  more 
caused  by  poor  neutralization. 

Another  quick  check  is  good  for 
all  but  the  final  stage.  This  r^ 
quires  that  two  stages  have  no  plate 
voltage  while  checking,  although 
the  filaments  remain  on.  With  a 
preceding  stage  tuned  to  resonance 
(but  no  plate  voltage)  the  succeed¬ 
ing  amplifier  is  likewise  tuned  to 
resonance  and  its  plate  meter  ob¬ 
served  for  current. 


MJ  cycles.  Th#  60  and  61 
cyels  raads  ars  Tibratlag 
•gaalfy.  but  to  lass  than  tuu 
aiapUtuds.  Sido  roods  art  quiot. 


40.71  eyelet.  Tho  60  cydo 
rood  is  oibxatiag  a  Uttlo.  and 
tho  6l  cydo  roM  is  oibrotiaq 
to  ohaost  full  ompUtudo.  Otboi 
roods  art  quiot. 


40.71  cycles.  Noto  this  is  a 
holf-cydo  iastnuBoat.  Tho  60.5 
aad  tho  61  evdo  roods  art  d- 
broHaq  oqually. 


The  presence 
of  current  will  be  a  fairly  sure  sign 
of  r-f  leaking  through  the  preced¬ 
ing  amplifier  tube  and  being  recti¬ 
fied  in  the  succeeding  stage. 

Obviously  the  final  stage  cannot 
be  checked  in  this  manner  since 
there  is  no  following  stage  by 
which  to  detect  the  presence  of  r-f. 
At  higher  frequencies  or  due  to 
stray  couplings,  some  r-f  may  still 
feed  through  but  the  engineer  is 
conscious  of  these  peculiarities. 

Other  Effects 

It  must  be  stressed  that  the  tech¬ 
nician  must  be  fully  acquainted 


14.41.  Watch  tho  ocalo!  Each 
A doioa  la  ono  half  cydo.  Fro- 
qnoacy  lios  botwooa  24.5 
cydoo  aad  25  cydoo  aad  doaor 
to  25  thaa  24.5. 


114.0.  This  ouo  is  oaoy.  Each 
(Udaion  roprooonta  a  full  cydo. 
Tho  118  cydo  rood  has  ao  con- 
potitioB  ia  this  oxamplo. 


37S.  This  is  a  dadi,  too.  How 
Btaay  cydoo  Mr  didsioa?  Flos 
—right.  Tbo  395  cydo  rood  has 
ovorythiag  its  owa  way.  horo. 


F  Wakh  your  Scales  I 


methods,  to  avoid  damage  and 
trouble.  These  checks  should  serve 
to  indicate  that  everything  is  oper¬ 
ating  normally,  any  deviations  from 
usual  readings  only  warning  the 
operator  for  more  careful  checking. 
Even  after  these  testa,  there  may 
be  extraneous  oscillations  due  to 
shock  excitation, 


Bullotia  VF-43  with 
supplomoats  giTos 
dolaUod  doocripdoas 
of  tho  comploto  liap 
of  I-B-T  Froquoncy 
Motors.  Your  copy  is 
waitiag  fgr  you. 


transients,  or 
other,  strays  developed  by  long 
operation  of  circuits,  which  will 
escape  these  teats.  Such  special 
conditions  require  treatment  with 
extensive  and  elaborate  equipment 


(Manufactured  under  Triplett  Patents  and/or  Patents  Pending) 


J-B-T  INSTRUMENTS,  INC 


ELECTRONICS 


CATKODE-RAY  LIFE  RACKS 
•PULSE  LIFE  RACKS 

•OSCILLATION  LIFE  RACKS 


It  is  axiomatic  in  the  iield  oi  electronics  that  no  piece  oi  equipment  is  worth  its  salt  until  it  hos  been 
checked  lor  periormance.  Axiomatic- -and  an  inexorable  specilication,  as  we  who  make  Sherron  Test 
Equipment  are  in  a  position  to  know.  Electronic  standards  are  high:  come-down  or  compromise  is 
taboo.  Quality  control  is  the  ruling  consideration.  In  the  case  of  life  tests,  this  means  that  the  racks 
must  not  only  simulate,  but  exceed  every  operational  condition  oi  the  tube  in  actual  use.  Endurance 
and  durability  must  be  built  into  the  racks,  if  they  are  to  stand  up  under  the  punishing  routine  oi 
intensive  checking.  Designed  and  engineered  to  anticipxite  the  most  rigorous,  realistic  demands. 
RK*rTon  life  racks  are  serving  the  country's  leadinq  tube  manufacturers. 


Sherron 

Electronics 


"Where  the  Ideal  is  the  Standard.  Sherron  Test 
Units  Are  Standard  Equipment" 


.  .  1  '  r«n 


SHERRON  METALLIC  CORP 


1201  FLUSHING  AVENUE 


BROOKLYN  6,  N.  Y. 
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marker  in  a  specified  manner.  The 
Z  markers  are  also  used  to  indicate 
clearance  to  the  pilot  to  proceed  to 
the  next  fan  marker.  When  used  in 
this  way,  the  Z  markers  are  used  as 
traffic  lights  to  indicate  a  clear  air- 
passage  on  the  next  leg  of  the  jour¬ 
ney. 

CenbiMd  Vole*  ood  D-F 

While  these  facilities  are  useful 
in  directing  a  plane,  experience  has 
shown  that  it  is  often  desirable  or 
necessary  to  talk  to  the  pilot  while 
he  is  flying  a  course.  Early  installa¬ 
tions  made  provisions  for  such  an 
arrangement  by  transmitting  voice- 
modulation  in  place  of  the  radio¬ 
range  beacon  signal.  Such  a  pro- 


We  Are  Busy 

Operating  24  hrs.  per  day  in  the  most 
modern,  efficient  crystal  plant. 

Every  crystal  finished  individually  to  exact 
frequency  mechanically,  completely  eliminat¬ 
ing  hand  work,  assuring  highest  uniformity 
and  quality. 


Council  BlufFs,  Iowa 

CHrSTALS  iXCLUSIVELT  SINCE  1934 


ELIMINATES  NAME  PLATES 
ON  FRONT  PANELS 


A  proven  method  for  placing  durable  characters 
on  metal  panels,  chassis,  etc. 

'A’ Inlaid  baked  enamel  characters, 
protected  by  background  finish;  re*  H 
sistant  to  abrasion  and  salt  spray;  H 
guaranteed  to  pass  50  hour  salt  H 
spray  H 

A*  Front  panel  will  match  finish  of 
cabinets.  A 

A  Recommended  and  endorsed  by  H 
scores  of  manufacturers  of  elec-  ■ 
tronic,  sound  and  communication  H 
equipment.  iV 

PROMPT  DELIVERIES— Send  us  your  bare  fobncoted 
steebond  within  two  weeks  we  will 
return  if  finished  end  morked  to 

your  complete  sotisfoction.  ALSO... 


AAC8  T-h-l  dirvctton-flndar  on  whMia. 
iu*d  to  quid*  fl^lor  aircraft  to  enw- 
goncy  liolds 


cedure  made  it  necessary  to  shut  off 
the  A-N  signals  when  voice  com¬ 
munication  was  desired.  This  was 
undesirable  since  it  temporarily 
denied  the  homing  device  to  pilots 
flying  the  course. 

To  overcome  this  objection,  a  sim¬ 
ultaneous  radio-range  beacon  was 
devised.  This  permits  the  operator 
in  the  control  tower  to  speak  to  pi¬ 
lots  in  flight  at  the  same  time  that 
the  pilot  makes  use  of  direction- 
flnding  signals.  Simultaneous  ra¬ 
dio-range  stations  are  used  to  trans¬ 
mit  weather  data  to  pilots  while 
flying,  and  to  direct  traffic  near  the 
control  tower.  Ordinarily,  these 
simultaneous  radio-range  stations 
operate  24  hours  a  day  except  in 
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Friction 


Sealing 
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Writ*  tod«y  for  $«mpl*s  of 
M>R  Friction  and  Scaling 
Tapes  .  .  .  also  your  Pr** 

rues  ron  the  ASKiit9 

tiza  0  to  20  to  fit  wir*s  from 
.032  to  .32S  inchat ...  other 
valuable  aids,  are  the  K4>R  Guido  Book  of  Electrical  Insulation  .  .  .  th* 
Wall  Chart  with  raforenc*  tables,  electrical  symbols,  allowable  capaci¬ 
ties  of  conductors,  dielectric  averages,  thicknesses  of  insulating  materials 
and  tap  drill  sizes  .  . .  and  the  M-R  Wax  and  Compound  Guide  Book  . . . 
they  are  full  of  valuable  information  ...write  for  them  on  your  letterhead. 


it-" 


MITCHELL-RAND  INSULATION  COMPANY,  INC. 


51  MURRAY  STREET 


Eiberqias  Varnished  Tape  and  Cloth 
lesulatinq  Papers  and  Twines 
Cable  Fillinq  and  Pothead  Compounds 
Friction  Tape  and  Splice 
Transformer  Compounds 


COrtlandt  7-9264 


NEW  YORK  7,  N.  Y. 


ESr.  1889 


PARTIAL  LIST  OF  M-R  PRODUCTS 

Fiberqias  Braided  Sleevinq 
Cotton  Tapes,  Webbinqs  and  Sleevinqs 
Impreqnated  Varnish  Tubinq 
Insulatinq  Varnishes  of  all  types 


Fiberqias  Saturated  Sleevinq  and  Varnished  Tubinq 

Asbestos  Sleevinq  and  Tape 

Extruded  Plastic  Tubinq 

Varnished  Cambric  Cloth  and  Tape 

Mica  Plate,  Tape,  Paper,  Cloth  and  Tubinq 
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combat  zones.  In  such  cases  they 
operate  only  at  the  request  of  a 
pilot. 


Direetioa-Fiadiag  Matbeds  Provide 
■•ariags  for  Pilots 

While  radio  range-beacons  are  re¬ 
lied  on  as  much  as  possible,  these  fa¬ 
cilities  may  not  always  be  depended 
upon.  This  is  particularly  true  in 
combat  areas  where  equipment  may 
be  damaged  as  a  result  of  enemy 
action,  where  fighter  pilots  are  not 
too  well  trained  in  radio  range- 
beacon  methods,  or  where  black¬ 
outs  may  be  encountered.  In  such 
cases,  radio  direction-finding  meth¬ 
ods  are  used  to  advantage. 

Of  course,  bearings  must  be  ta¬ 
ken  at  several  positions  from  trans¬ 
missions  sent  out  from  the  plane 
requesting  its  bearings.  Bearings 
from  several  stations  are  then  com¬ 
municated  to  a  central  or  key  sta¬ 
tion  where  the  position  of  the  plane 
is  determined.  The  plane’s  positiog 
is  then  communicated  to  the  pilot 
By  taking  sucessive  bearings  at  var¬ 
ious  time  intervals,  the  pilot  can  be 
kept  advised  of  his  position. — b.d, 


/  VeW  radio  developments  are  being 
worked  out  behind  these  new  doors.  50n 
the  success  of  its  past  achievements  Pacific 
Division’s  Radio  Engineering  Laboratory 
has  earned  for  itself  a  greatly  expanded 
workshop.  5'^^^  same  engineers  who 
developed  the  Gibson  Girl  Emergency 
Transmitter .  .  .  who  pioneered  in  radio 
remote  control  equipment,  now  have  the 
full  facilities  to  accelerate  their  develop¬ 
ment  work.  Principally  they  are  working 
on  a  new  interpretation  of  simplified  UHF 
for  aircraft  and  other  uses.  The  doors  of 
this  new  laboratory  will  open  tomorrow 
when  this  development  is  perfected. 


SORTING  PLATINUM 
WIRES  IS  FINE  WORK 


na€m€  Uty^ston 

'A¥iation  Corporation 
'  u 

MOILYWOOD,  CMLIP. 


Platinum  wires  boring  diomstsrs  oi  21 
22  and  24  thousondths  ol  on  inch  ca 
be  sorted  by  sight  and  touch  alons  by 
79-7eor  old  Warren  Black.  Employs^ 
by  Brown  Instrument  Co»  he  hassl 
been  found  wrong  in  20  years  by  le 
spectors 


Before  PesrI  Harbor  Pacific  Division  developed 
the  famous  Gibson  Girl  Emergencr  Transminer, 
which  is  now  standard  equipment  on  every  A.A.F. 
and  A.T.  C.  airplane  making  overwater  flights. 


ELECTRONK 


fLELTRONICS  — 1944 


Selenium  G>rporation  of  America  photo^learic  cells  are  of 
the  self-generating  type  and  are  manufactured  to  highest  sen¬ 
sitivity  and  permanence  standards.  All  S.  C.  A.  self-generating 
cells  can  be  used  in  a  range  from  —70*  C.  to  +70*  C.  and  are 
rendered  permanently  stable  by  a  special  forming  process. The 
most  modern  methods  and  equipment  available  are  used  in 
the  manufacture  of  S.  C.  A.  products.  All  cells  and  types, 
thoroughly  inspeaed  and  matched  with  regard  to  sensitivity, 
spearal  response,  etc.,  are  available. 


S.  C.  A.  makes  photo¬ 
electric  cells,  mounted 
and  unmounted,  in  over 
30  standard  sizes.  Many 
of  these  standard  types 
can  be  shipped  from  stock. 

Writm  tor  tpocial  toehniral 
Bullotio  on  photo-oloctrit 
colh  and  Solonium  toctifior* 
wirll  oytput  from  100  micro* 
amporos  to  1000  amporot. 


SELENIUM  CORPORATION  OF  AMERICA 

1719  WIST  PICO  BOULIVARD  •  lOS  ANGILIS  15,  CALIFORNIA 


'  * 


' ''' 


devised  to  replace  the  present  aa« 
of  galvanometers.  There  is  a  grow, 
ing  tendency  to  use  pen  recorder) 
rather  than  photographic  methods 
for  recording  the  galvanometer 
deflections.  This  means  that  an 
electronic  stage  must  be  interposed 
between  the  gal^^ometer  bean 
and  the  actual  record.  If  the  entire 
ampliflcation  from  the  radiation  de¬ 
tector  to  the  record  could  be  done 
electronically,  the  use  of  some  type 
of  a  split  beam  instrument  would 
answer  the  instrumental  problems 
of  the  infrared  spectroscopist. 


THE  ELECTRON  ART 


Infrared  Spectroscopy  in  Indiutry . 

Radial  Becan  Tubes . 

Control  of  Radium  Poisoning . 

Phase-Indicating  Null  Indicator  for  Bridges 


Infrared  Spectroscopy  in  Industry 


further  exploratory  problems  suf¬ 
fered.  For  his  own  protection,  the 
spectroscopist  developed  simple, 
compact  instruments  having  suffl- 
cient  resolving  power  to  handle  the  Radial  Beam  Tubes 
majority  of  the  analytical  problems 
encountered.  With  such  instru¬ 
ments  available,  the  role  of  the 
research  spectrometer  in  analysis 
may  be  restricted  to  obtaining  the 
pure  spectra  of  the  components  in¬ 
volved.  Fr(Mn  these  spectra,  the 
analytical  frequencies  can  be 
chosen  and  the  rest  of  the  analysis 
performed  by  means  of  the  small 
spectrometer.  For  convenience  in 
setting  to  these  frequencies,  me¬ 
chanical  stops  are  provided.  These 
small  instruments  can  be  operated 
in  the  laboratory  or  moved  to  the 
site  of  the  chemical  reaction. 

There  are  at  least  two  important 
advances  in  the  instrumentology 
of  research  spectrometers  which 
muatbe  made.  Most  infrared  spec¬ 
tra  are  obtained  today  as  records  of 
frequency  vs  galvanometer  deflec¬ 
tion  superimposed  upon  the  radia¬ 
tion  background.  To  obtain  full 
signiflcance  from  these  results  it  is 
necessary  to  convert  them  to  fre¬ 
quency  vs  percent  transmission  or 
log  of  percent  transmission.  This 
conversion  now  involves  consider¬ 
able  tedious  labor  and  it  is  highly 
desirable  that  the  instrument  make 
this  conversion  automatically.  In 
short,  infrared  needs  a  spectro¬ 
photometer  to  replace  its  present 
spectrometer. 

Most  infrared  recording  is  done 
by  means  of  a  very  sensitive  gal¬ 
vanometer  amplifier.  Unless  the 
stability  conditions  of  the  building 
in  which  the  instrument  is  used  are 
favorable,  such  a  mechanically 
sensitive  device  is  not  satisfactory. 

An  improved  detecting  system  is 
required  and  it  is  highly  desirable 
that  a  means  of  electronic  ampli¬ 
flcation  of  thermocouple  output  be 


That  the  use  of  infrared  spectro¬ 
scopy  in  industry  has  passed 
through  its  first  phase  in  which  the 
fundamental  work  has  been  done  is 
pointed  out  in  a  recently  published 
book,  ‘Tnfrared  Spectroscopy”  by 
Barnes,  Gore,  Liddel  and  Williams, 
of  American  Cyanamid  Co.  (Re¬ 
viewed  in  July,  1944  Electronics, 
p.  370)  The  authors  review  the 
preliminary  work  of  spectroscop- 
ists  in  developing  their  own 
methods  of  quantitative  analysis 
and  suggest  ways  in  which  the  new 
technique  may  be  further  improved 
as  an  industrial  tool.  A  condensa¬ 
tion  of  their  views  follows. 

Industrial  infrared  spectroscopy 
is  now  entering  its  second  phase — 
the  development  from  proving 
potentialities  under  ideal  research 
conditions  to  widespread  applica¬ 
tions  under  any  practical  condi¬ 
tions  which  might  occur.  It  has 
passed  the  stage  of  hiring  a  trained 
infrared  spectroscopist  with  the 
general  instruction  that  he  should 
build  an  instrument  and  then  pro¬ 
ceed  to  demonstrate  its  utility. 
Neither  sufiicient  time  nor  trained 
personnel  is  available  to  permit 
such  an  approach.  With  the  large 
number  of  companies  now  conduct¬ 
ing  infrared  research,  it  is  neces¬ 
sary  that  commercial  spectrometers 
be  available,  that  there  be  sufficient 
background  information  in  the 
literature  so  that  an  operator  may 
produce  results  immediately  with¬ 
out  spending  a  long  time  acquiring 
basic  data. 

The  infrared  spectroscopist  al¬ 
ready  at  work  in  the  field  was  called 
upon  to  study  the  possibility  of  per¬ 
forming  analyses  which  were  diffi¬ 
cult  or  tedious  by  chemical 
methods.  Once  a  satisfactory  analy¬ 
sis  had  been  established,  his  re¬ 
search  instrument  was  generally 
tied  up  for  a  month  or  more  on 
routine  work  while  research  on 


Fig.  I — M*tal  plalM  orrangwd 
drlcally  about  Iho  cothodo  form  Mp» 
rote  onodM  In  this  now  typo  of  Tacsm 
tub* 


drical  cathode  surrounded  by  i 
cylindrical  anode  structure  whid 
is  divided  into  a  number  of  paraBi 
strips  or  separate  rectangult 
anodes.  When  the  potential  of  thi 
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Cvwptint  tiM«:  Multiple 
positions  for  safety  wiring. 


Harwood  Comtertors,  construaed  in  accordance  with 
Army  and  Navy  Specifications  Nos.  AN-9534a  and 
AN-W-C-591,  have  been  consistently  improved  and 
simplified  through  progressive  engineering,  constant 
retooling,  use  of  better  materials,  and  rigid  quality 
control. 

Expanded  production  facilities  make  Harwood  Connec¬ 


tors  available  in  large  quantities  with  assurance  that 
your  delivery  requirements  will  be  met  on  schedule.  A 
complete  line  of  AN  3100,  AN  3102,  AN  3106,  and 
AN  3108  plugs  and  receptacles  are  available  in  sizes 
ranging  from  lOS  to  48. 

Harwood  Connectors  are  used  by  practically  all  of  the 
principal  aircraft,  instrument,  and  radio  concerns. 


Finish:  New,  conductive 


and  corrosion-resistant. 


Cnntacts:  Made  of  a  new  silver- 
clad  material  affording  greater 
conductivity,  and  positioned  for 
easier  and  faster  fabrication. 


Split  Shall:  Designed  to  facilitate 
assembly,  inspection,  and  main¬ 
tenance,  with  all  the  advantages 
of  solid  constructioru 


Assambly  Ring:  Provides  positive 
locking  of  split  shell  and  elim¬ 
inates  hazards  from  vibration. 


tr 
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Leap-Frug"  Corrosion  damages  underground 
>ipes  and  cables. 


Pipes  or  other  metal  structures  are  in  places 
electro-positive  in  relation  to  the  soil  and  due 
to  natural  galvanic  action  corrosion  results. 
Metal  is  taken  away  from  one  section  of  pipe 
and  deposited  somewhere  else  along  the  ex¬ 
posed  pipe. 

By  using  Federal  Cathodic  Protection  Recti¬ 
fiers,  "Leap-Frog”  corrosion  is  foiled.  On  con¬ 
stant  guard  is  a  direct  current  charge  which 
cancels  the  harmful  electrolytic  corrosive  ac¬ 
tion  on  oil,  gas  and  water  pipelines  and  under¬ 
ground  cables. 

These  Federal  units  have  no  moving  parts,  so 
they  last  indefinitely  —  with  the  absolute  min¬ 
imum  of  attention.  In  desert  heat  or  torrid 
dampness  they  keep  on  the  job  day  and  night. 

Proper  engineering  for  the  corrosion  prob- 

•  lem  at  hand  calls  for  the  sf^ialized 
consulting  engineering  service  which 
is  yours  —  when  you  look  to  Federal. 
Write  todav  for  full  details. 


p*rts  at  10  to  40  volts.  Othrr  sizes  as  rtquit:d. 
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Here's  the  Heart 
of  Postwar  Radio 


CrysUil-clear  reception  is  a  requisite  feature  to  the  American 


public  in  its  postwar  radio  sets.  And  crystal  control,  as  yon 


know,  is  a  positive  and  dependable  answer  to  avoidance  of 


strays,  static  and  other  undesirable  signal, 


Pan>El  is  ready  now  to  work  with  any  radio,  fm  or  other 


electronic  device  manufacturer  who  knows  the  importance 


of  engineering  crystal  control  into  his  postwar  circuits.  Our 


staff  of  Electronic  Engineers,  veterans  now,  is  always  at  your 


service,  and  eager  to  help  yon  take  full  advantage  of  the 


quality  our  crystals  can  bring  to  your  apparatus.  We  are  in 


quantity  production  even  of  the  most  difficult  types. 


PAN-ELECTRONICS  LABORATORIES,  INC 
500  Spring  Street,  N.W.  Atlanta,  Georgia 


various  anodes  is  made  positive 
with  respect  to  that  of  the  cathode, 
electrons  are  drawn  to  each  of  these 
segments.  When  a  uniform  mag¬ 
netic  field  is  applied,  with  its  direc¬ 
tion  at  right  angles  to  the  axis  of 
the  tube,  the  electrons  are  focused 
in  two  diametrically  opposite  beams 
as  shown,  the  direction  of  the  mag¬ 
netic  field  being  indicated  by  the 
arrow  marked  H. 

The  beams  are  parallel  to  the 
lines  of  force  of  the  magnetic  field 
so  that  if  the  field  is  rotated  the 
electron  beams  move  around  the 
tube  with  it.  In  this  way,  the  mag¬ 
netic  field  serves  both  to  focus  the 
electrons  and  to  direct  the  resulting 
beams  to  different  elements  of  the 
anode  structure. 

Single  Beam 

For  some  applications  it  is  desir¬ 
able  to  eliminate  one  of  the  two 
beams  and  this  may  be  accom¬ 
plished  by  substituting  a  uniform 
electrical  field  in  the  tube  for  the 
cylindrical  field  which  results  when 
all  anode  segments  are  at  the  same 
potential.  The  uniform  field  may  be 
obtained  by  applying  to  the  anode 
elements  a  series  of  potentials  which 
vary  according  to  the  sine  of  the 
angle  taken  around  the  axis.  The 
line  joining  the  maximum  poten¬ 
tials  (+  and  — )  is  maintained 
parallel  to  the  magnetic  field  so  that 
on  one  side  of  this  cathode  the  po¬ 
tentials  are  all  negative  and  the 
beam  on  that  side  is  suppressed. 
The  remaining  beam  will  have 
somewhat  less  current  than  the 
corresponding  one  in  the  cylindri¬ 
cal  field  but  the  magnetic  field 
strength  required  for  focusing  is 
reduced. 

The  magnetic  field  may  be  con¬ 
veniently  provided  by  inserting  the 
tube  in  place  of  the  armature  in  the 
stator  of  a  two-pole  polyphase  alter¬ 
nating  current  motor.  The  rota¬ 
tion  of  the  magnetic  field  in  the 
stator  of  the  motor  determines  the 
rotation  of  the  electron  beams 
within  the  tube.  Permanent  mag* 
nets  may  also  be  used  for  applica¬ 
tions  where  the  electron  tye&vs 
within  the  tube  are  not  required  tc 
rotate  continuously.  A  rotating 
field  for  the  stator  of  the  motor  may 
be  produced  from  a  single-phas« 
power  supply  by  inserting  a  ca¬ 
pacitor  in  series  with  each  winding 
of  a  split  single-phase  stator  so  that 
the  current  through  one  phase 
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eethi  FREQUENCY  MODULATION  receivers  require  linear  dis- 

crimination  against  undesirable  signals.  Guthman  engineers  have 
uosi  developed  precise  DISCRIMINATOR  COILS  to  discriminate 


u THMAN 

£e4iJie/i  Ut 


equally  on  both  sides  of  the  resonance  curve,  pro¬ 
viding  maximum  discrimination. 


DO  yOC/fl  BEST  .  .  . 

INVEST  IN  WAR  BONDSl 


EDWIN  I.  GUTHMAN  &  CO. 


I  N  C 


15  SOUTH  THROOP  S  T  R  E  E  T  •  C  H  I  C  A  G  O 
PRECISION  MANUFACTURERS  AND  ENGINEERS  OF  RADIO  AND  ELECTRICAL  EQUIPMENT 


iT 


NiCSl  ELECTRON  ICS  — Aujusf  1944 


225 


winding  lags  by  45  deg  and  that 
through  the  other  leads  by  an  equal 
angle. 

Construction 

The  fundamental  principles  used 
in  this  t3i>e  of  tube  may  be  modified 
and  elaborated,  depending  upon  the 
application  for  which  the  tube  is 
intended.  The  diagram  of  Fig.  2 
shows  the  arrangement  of  the  in¬ 
ternal  elements  of  a  tube  having 
30  anodes  and  various  auxilian- 
elements. 

Surrounding  the  cathode  is  a  con¬ 
trol  grid  which  modulates  the  elec¬ 
tron  beams  in  much  the  same  way 
as  any  control  grid.  The  croes- 
patched  structure  with  30  slots  is 
maintained  at  a  positive  potential 
with  respect  to  the  cathode  and  is 
analogous  in  its  operation  to  the 
screen  grid  of  a  tetrode  or  pentode. 

Behind  each  window  of  the  screen 
is  a  pair  of  paraxial  wires  which, 
because  of  similarity  in  function 
to  the  fourth  element  of  a  pentode, 
is  called  a  suppressor  grid.  In  back 


Fig.  2 — This  iMchcmical  onangsiimt 
of  elactrodM  parmlta  a  radial  •toctroa 
boom  to  bo  dlroctod  to  ooeh  sot  of 
moots  by  a  ouignotic  Hold 


of  each  suppressor  is  a  separate 
anode.  Projection-like  gear  teeth 
in  back  of  the  screen  elements  are 
employed  to  prevent  electrons,  des¬ 
tined  for  one  anode,  from  reaching 
an  adjacent  one. 

As  shown  in  Fig.  2,  the  screen 
consists  of  only  one  element.  How¬ 
ever,  it  may  be  split  into  a  number 
of  elements,  if  necessary  to  provide 
a  separate  screen  for  each  individ¬ 
ual  anode.  Likewise,  the  grid  action 
of  the  suppressor  grid  may  be  in¬ 
creased  by  means  of  lateral  wires 
across  the  window  of  the  screen 
grid  tube.  The  curves  of  Fig.  3 
shows  the  characteristics  of  the 
tubes  represented  in  Fig.  2.  Curve 
B  is  obtained  with  lateral  wire 
previously  mentioned  whereas  curve 
A  is  obtained  with  simply  the 


RUGGE 


INSULATORS 


are  a  “main  factor”  of  the  high  power 
electronic  tube.  Quartz  is  the  best  electri¬ 
cal  insulator  known  to  science.  Many  other 
qualities  make  it  ideal  for  the  job.  .  .  .  Not 
subject  to  thermal  shock.  Non  hygroscopic. 
High  surface  resistance.  Shaped  to  specifi¬ 
cation. 

ULTRA  VIOLET  LAMPS  Cquarti  mercury  ares) 
HYDROGEN  ARCS  IN  QUARTZ 
FUSED  QUARTZ  ROD, 

TUBING.  PLATES  and  SPECIAL  SHAPES 


HANOVIA 

CHEMICAL  &  MANUFACTURING  CO. 


Depf.  E-10 


NEWARK  5.  N.  J. 
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paraxial  suppressor  grid  wires. 
Measurements  on  this  tube  showed 
it  to  have  the  following  character¬ 
istics  : 


Without 

Lataralf 

100 

30,000 

3.5 

-80 


With 

Lattrall 

S50 

64^ 

16.0 

-20 


TrantcotiducUncc  (mKromhot} 
Anode  RetisUnce  (ohmi) 
AMplification  Factor 
Cut-olf  Voita^ 


It  should  be  noted  that  the  data 
in  this  table,  as  well  as  the  graph 
of  Fig.  3  shows  the  transfer  char¬ 
acteristic  with  respect  to  the  sup¬ 
pressor  grid,  rather  than  with  re¬ 
spect  to  the  control  grid  as  is 
usually  the  case.  It  is  apparent  that 
amplification  of  signals  applied  to 
the  individual  suppressors  may  be 
readily  obtained.  The  article  gives 


PUght  Control  uses  Oporadio  oqvipmont  aboard  a  "'Hat-lop'"  at  diva  bombar  fakat  off 


Fig.  3 — SupprMsor  grid  charoetoristici 
of  ths  now  tubo.  Curro  A  woo  obtoinod 
with  lotoral  wiros.  curro  B  with  lotorol 

wiroo 


no  data  concerning  the  transfer 
characteristics  as  determined  by 
the  control  grid  but  there  are  no 
indications  to  believe  that  this  con¬ 
trol  grid  would  behave  differently 
from  that  of  any  other  tube  struc¬ 
ture. 

The  article  gives  drawings  and 
photographic  reproductions  of  the 
formation  of  electron  beams  under 
varying  magnetic  fields  and  pro¬ 
vides  a  mathematical  analysis  for 
the  case  of  a  cylindrical  electrical 
field  as  well  as  a  uniform  electrical 
field. 

While  a  tube  of  this  general  type 
should  obviously  be  expected  to  lend 
itself  to  many  useful  and  interest¬ 
ing  applications.  Dr.  Skellett’s  ar¬ 
ticle  limits  discussion  to  the  use  of 
this  tube  as  an  alectronic  com¬ 
mutator  and  the  application  of  the 
tube  to  multiplex  telegraphy.  It  is 
stated  that  a  30-channel  multiplex 
system  for  signalling  using  two  of 
the  30-anode  tubes  has  been  suc¬ 
cessfully  tested  over  short  distances 
in  New  York  City. 


. . .  and  when  the  time  comes  for  action  on  electronic  applications 
to  your  product  or  process,  come  to  Operadio — one  of  the  first  to 
biiild  and  deliver  this  vital  Communications  Control  Equipment  for  the  U.  S. 
Navy.  For  its  design,  engineering  and  manufacture,  the  Navy  placed  full 
responsibility  with  Operadio.  Having  pioneered  in  designing  and  building  the 
first  commercial  portable  radio  more  than  20  years  ago,  we  were  naturally 
proud  to  utilize  our  seasoned  electronic  "know-how”  on  such  an  essential  war 
job.  This  experience  is  helping  solve  today’s  war  problems  . . .  let  it  serve  you 
on  tomorrow’s  business  problems.  Operadio  Manufacturing  Company. 


OPfRAOlO  PLANT  BHOADCA5TING  FOR  MUSIC  AND  VOIC6-P46ING 
.  .  .  PUXIPONi  INTtHCOMMUNICATION 


OPERADIO  MANUFACTURING  COMPANY,  ST.  CHARLES.  ILL. 
SrWBOl  OF  lieCTKONIC  ^  FXCtUlNCe  S/NCf  1922 
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PACKAGED  METAL  ENGINEERING  ' 

saves  you  time,  money,  labor  on 

INTRICATE,  UNUSUAL,  COMPLEX  JOBS 


Control  of  Radium  Poisoning 

Recently  interest  has  revived  in 
the  problem  of  preventing  poison¬ 
ing  and  other  injuries  from  radium 
in  plants  engaged  in  painting 
luminous  dials.  This  is  a  natural 
result  of  the  great  increase  in  this 
type  of  work  for  the  manufacture 
of  military  equipment.  Although 
the  principles  of  protection  are 
now  well  known,  many  new  work¬ 
ers  under  foremen  who  have  re¬ 
cently  entered  this  field  are  en¬ 
gaged  in  applying  radioactive  paint 
and  there  is,  therefore,  an  in¬ 
creased  possibility  of  injury 
through  ignorance. 

In  controlling  this  type  of  hazard, 
two  important  physical  measure¬ 
ments  are  required.  The  radon 
content  of  the  workroom  air  and 
of  the  expired  breath  of  the  in¬ 
dividual  workers  must  be  deter¬ 
mined.  With  these  measurements, 


PANEL  OF  PRODUCTION  AND 
DECORATIVE  INGENUITIES! 


This  radio  control  panel,  54"  x  27"  is  a  "prize  package”  of 
precision  production  and  versatility— 7<J  accurately  positioned, 
machined  holes  and  slots,  5-tone  enamel  finish  and  color  inlay, 
combination  metal  etching,  a  number  of  artistically  produced 
escutcheons  and  bezels,  and  easy-to-read  dials  with  sharply  de¬ 
fined  calibrations. 

It  is  another  typical  example  of  Grammes  complete  precision 
production  skills  and  facilities  to  produce  Panels,  Dials,  Es¬ 
cutcheons,  Bezels,  and  Name  Plates  that  are  intricate,  varied, 
and  unusual. 

With  69  years  of  precision  fabricating  skills,  broad  "know¬ 
how"  and  cleverly  devised  assembly  methods.  Grammes  can 
save  you  time,  money,  and  materials  on  your  parts  or  product. 
The  facilities  listed  provide  a  centralized  set-up  for  efficient  and 
economical  precision  fabricating  and  assembling. 

Grammes  can  also  be  your  complete  manufacturing  source, 
providing  the  all-inclusive  services  and  facilities  of  "Packaged 
Metal  Engineering”— */«  one  package  .  .  .  in  one  service  .  .  .  we 
take  over  ALL  responsibility,  acting  as  YOUR  factory,  from  De¬ 
sign  Research  to  Drop  Shipments. 

CONTRACT  SERVICE 

—your  COMPLETE  manufacturing  source 

From  idea  development  and  product  improvement  to  post-war  manu¬ 
facture,  Grammes  Contract  &rvice  facilities  are  available  NOW  for 
Research,  Design,  and  Engineering.  Let  us  work  with  you,  complete 
confidence  assured.  Send  today  for  our  booklet— "Contract  Service  by 
Grammes”— Dept.  1-8. 


•  STAMPING 

•  DRAWING 

•  SPINNING 

•  WIRE  FORMING 

•  ETCHING 

•  LITHOGRAPHING 

•  TOOLS  &  DIES 

•  EMBOSSING 

•  HARD  ENAMELING 

•  SCREW  AAACHINES 

•  LINE  ASSEMBLY 

•  AAACHINING 

•  SPRAYING 

•  HEAT  TREATING 

•  DRILLING 

•  WELDING 

•  PLATING 

•  ENAMELING 


DECORATED  METAL 
PRODUCTS  SPECIALISTS 
—applying  artistic 
designs  and  finishes 
that  add  beauty  and 
color  to  your  product. 


MASTER  CRAFTSMEN  IN  METAL' 
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CLEVELAND 
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DECORATED  METAL  PRODUQS* ETCHED  DIALS*PANELS*PlATES*CONTACTS*TERMINALS*CUPS*LUGS*ETC. 
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high-frequency 


Until  now  most  of  the  better  high  frequency  insulators  have  been  either  brittle 
or  subject  to  deformation  at  elevated  temperatures.  With  the  development  of 
glass  mat  base  Formica  there  is  available  an  insulator  that  allows  only  minimum 
losses  at  high  frequencies  and  at  the  same  time  retains  the  mechanical  strength 
and  machinability  that  is  characteristic  of  other  grades  of  Formica. 

For  low  losses  at  high  frequencies  we  suggest  that  you  test  Formica  Grade 
MF  66  which  has  been  found  to  be  the  answer  for  antenna  insulators  and  coil 
forms  on  airborne  and  ground  installations.  It  withstands  the  vibrations  and 
mechanical  stresses  to  which  military  radio  equipment  is  subject.  This  material 
is  resistant  to  attacks  of  fungus  growth  and  can  be  used  in  the  tropics. 

Sample  on  request.  “The  Formica  Story"  is  a  moving  picture  showing  the 
qualities  of  Formica,  how  it  is  made,  how  it  is  used.  Available  for  meetings 
of  engineers  and  business  groups. 


FORMICA  INSULATION  COMPANY 
k  4661  Spring  Grove  Avenue 
^  Cincinnati,  3  2,  Ohio 
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tides,  helium  atoms,  traveling  at 
high  speeds.  It  is  these  alpha 
particles  that  produce  the  ion  cur¬ 
rents  in  an  ionization  chami)er. 
Therefore,  a  method  of  counting 
the  number  of  alpha  particles  per 
hour  from  a  sample  gives  a  value 
proportional  to  the  amount  of 
radon  present  in  the  sample.  The 
authors  have  devised  equipment  by 
means  of  which  this  may  be  done 
and  the  number  per  hour  printed 
automatically  on  adding-machine 
paper. 

First,  all  oxygen  is  removed 
from  the  sample,  since  this  gas 
hinders  the  production  of  a  sharp 
electrical  pulse  in  the  ion  counting 
chamber.  The  gas  sample,  minus 
oxygen,  is  introduced  into  the 
chamber,  which  is  a  large  can  with 
an  insulated  rod  projecting  into 
the  center.  The  can  is  connected 
to  a  source  of  voltage  of  about 
1,000  volts. 

Under  the  conditions  just  de¬ 
scribed,  each  alpha  particle  resulb 
in  a  sharp  voltage  pulse  on  the  cen¬ 
tral  rod  as  the  ions  it  produces  in 
shooting  through  the  gas  are 
driven  to  the  central  rod  by  the 
voltage  applied  to  the  can.  This 
occurs  in  an  extremely  short  time, 
less  than  0.001  second.  This  sharp 
pulse  is  amplified  by  a  vacuum- 
tube  circuit  until  the  current  is 
strong  enough  to  operate  a  traffic 
recorder,  such  as  is  used  to  count 
vehicles  on  a  highway.  This  de¬ 
vice  automatically  prints  the  day 
of  the  week,  the  hour  of  the  day, 
and  the  number  of  alpha  particles 
that  have  passed  through  the 
chamber  at  that  hour.  This  pro¬ 
vides  the  necessary  data  for  com¬ 
puting  the  amount  of  radon  pres¬ 
ent. 

Operation 

A  diagram  of  the  complete 
system  for  counting  alpha  par¬ 
ticles  from  radon  is  shown  in  the 
illustration.  In  use,  system  is 
evacuated  as  far  as  stopcock  T> 
with  all  other  stopcocks  in  the 
position  shown.  With  reduced  cop¬ 
per  in  tube  C,  heated  to  a  dull  red, 
Ti  is  closed  and  T»  turned  to  ad¬ 
mit  a  moderate  stream  of  nitrogen 
from  the  cylinder  through  the  fur¬ 
nace  and  drying  bulbs  into  the  ion 
chamber.  When  the  open  manom¬ 
eter  M  shows  that  atmospheric 
pressure  has  been  established  in 
the  ion  chamber,  T,  is  closed.  The 


0.00002  TO  10,000  VOLTS 


This  enormous  range  of  voltages— five  hundred 
million  to  one— is  accurately  covered  by  our 
Model  300  Electronic  Voltmeter  and  some  of  the 
accessories  shown  above.  Frequency  range  10  to 
150,000  cycles.  Accuracy  2%  over  most  of  the 
range.  AC  operation.  Five  decade  ranges  with 
logarithmic  scale  make  readings  especially  easy. 
Uniform  decibel  scale  also  provided.  May  also 
be  used  as  a  highly  stable  amplifier,  70  DB 
gain,  flat  to  150,000  cycles. 


BOONTON,  NEW  JERSEY.  U.  S.  A 
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WEBSTER  DYNAMOTORS 


LIGHT-WEIGHT 
ALUMINUM 
END  CAP  FOR 
AIR-BORNE 
APPLICATIONS 


CENTER 

GROUND 

HIGH-FINISH 

SHAFT 


HIGH 

COMMUTATOR 
STRENGTH 
ASSURED  BY 
SPIN  AND 
ROCKWELL 
PRESSURE 
TESTS  AT 
HIGH-LOW  . 

TEMPERATURES 


ELECTRO  DYNAMIC  PRECISION  BALANCING  OF 

ENTIRE  ARMATURE  ASSEMBLY  ASSURES - 

OPTIMUM  PERFORMANCE  AND  LI^E 


PRIMARY  OR 
MOTOR  - 
WINDINGS 


HIGH-RESISTANCE* 
VINYL  ACETAL 
TRIPLE-INSULATED 
WIRE  USED  IN 
ARMATURE  COILS 


SECONDARY  OR 
_  GENERATOR 
WINDINGS 


CLOSE  TOLERANCE 
DIE-CAST  ALUMINUM 
END  BRACKETS 
WITH  STEEL 
BEARING  SLEEVE 
INSERT 


COMMUTATOR 
SURFACE 
SUPER-FINISHED 
(WITH  DIAMOND 
TOOL)  ON 
PRE-LOADED 
BEARINGS 


FOR  MAXIMUM 
CONTACT  WITH 
MINIMUM 
RESISTANCE 


BRUSHES 
PREFORMED 
AND  SUPER- 
FINISHED 


Improved  Design  and  Manufacturing  Processes 
Bring  Measurable  Superiority 


LOOK  TO 

WEBSTER  PRODUCTS 

TODAY 

Dynamotors  and 
Voltage  Regulators 

TOMORROW 

World-Acclaimed 
Record  Changers 


Tests  show  Webster  dynamotors  far  surpass  Government  require¬ 
ments  on  leakage  to  ground,  vibration,  ripple,  temperature  rise, 
operation  under  extremes  of  temperature,  operation  in  the  pres¬ 
ence  of  moisture  and  all  other  vital  specifications.  Reasonably 
prompt  delivery  in  production  quantities  can  be  made  on  prac¬ 
tically  all  dynamotors  listed  under  frames  Q,  R  and  S  on  page  18 
of  the  American  War  Standards  Bulletin  on  dynamotors. 
No.  C75.  13-1944.  Within  wattage  limitations  of  these  frame 
sizes,  we  can  supply  dynamotors  of  different  input  and  output 
values.  We  will  be  glad  to  discuss  your  specific  dynamotor 
problems  with  you. 


WEBSIER  n  PRODUCTS 

3825  W.  ARMITAGE  AVL  LLU  CHICAGO  47,  ILLINOIS 
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SPECmCATIONS: 


15/32  long  x  Vz"  dia. — MountabU  wiih 
6-32  flat  or  iilMtor  scrow.  No.  21  tlnnod 
coppor  wiro  load*.  1  to  300.000  ohm 
raluo— V^%  aiandord  accuracy — non  in- 
ductlTO  pi*  wound— */i  watt,  30*  C.  tem- 
poratur*  ris*  in  fr*e  air — 100*  C.  maxi¬ 
mum  oporating  tomporaturo — 200  D.  C. 
maximum  oporating  voltag*.  Bcdted  var¬ 
nish  finish. 

-Sams  os  A-1,  ^th  loads  rsvsrssd. 

■  15/16  long  x  Vi*  dia.— Mountabls  with 
6-32  flat  or  filsstsr  screw.  No.  21  tinned 
copper  wire  leads.  1  to  500,000  ohm 
value— Vi  %  standard  accuracy— non  in¬ 
ductive  pie  wound — 1  wott,  30°  C.  tem¬ 
perature  rise  in  iree  air — 100°  C.  maxi¬ 
mum  operating  temperature — 300  D.  C. 
maximum  operating  .voltage.  Baked  var¬ 
nish  finish. 

-Same  as  B-1,  with  leads  reversed. 

-1-1/32  long  x  7/16”  dia. — Inductively 
wound — V*  X  .015  strop  terminals-  35  to 
35,000  ohms — 2  watts,  100°  C.  maximum 
operating  temperature — normal  accuracy 
1 .0.  Baked  varnish  finish. 


QUALITY  IS 
OUR  STOCK 
IN  TRADE 


H"— 1-13/32  long  x  Va"  dia. — Mountable  with 
6-32  screw — Vg  x  .015  thick  strap  terminals 
— non  inductive  wound — 1  meg  ohm  max¬ 
imum  resistance — 600  volts  maximum  op¬ 
erating  voltage — 100*  C.  moximum  oper¬ 
ating  temperature — 1.5  watts — 1%  normal 
accuracy.  Baked  varnish  finish. 

"C'*— 15/32  long  x  Vj”  dia. — Mountable  with 
6-32  flat  or  filester  head  screw;  No.  21 
tinned  copper  wire  leads.  I  to  500.000 
ohm  volue.  V^%  standard  accuracy — 
non  inductive  pie  wound  .8  watts,  30° 
temperature  rise  in  iree  air.  100°  C.  max¬ 
imum  operating  temperature.  200  D.  C. 
maximum  operating  voltage.  Baked  var¬ 
nish  finish. 


That  s  why  we  re  doing  a  BIG 
job  for  the  BIG  names  in  radio 
and  instrument  manufacturing. 

We've  been  meeting  wartime 
deadlines  with  the  same  preci¬ 
sion.  All  our  production  facili¬ 
ties.  engineering  and  crafts¬ 
manship  ore  geared  for  the  all 
important  necessity  of  making 


Telephone  -  Watkins  9-4774-5 
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THE  FIRST  EFFECTIVE 

FUNGICIDAL  CONCENTRATE 


ELECTRONIC  WAXES 


THE  INSL  X  CO..  Inc.,  •  857  Meeker  Avenue  •  Brooklyn.  N  Y 

Chicago  •  Detroit  •  Los  Angeles  •  Philadelphia 


voltage  is  then  applied  to  the  ion 
chamber  and  the  counting  proctss 
started. 

When  a  suilicient  number  of 
pulses  have  been  recorded  for  a 
satisfactory  determination  of  the 
background,  the  chamber  may  be 
calibrated  by  admitting  a  knoAvn 
quantity  of  radon  from  the  stand¬ 
ard  radium  solution  stored  in  bulb 
S.  This  is  accomplished  by  again 
evacuating  the  system  up  to  stop¬ 
cock  T,  with  the  furnace  hot.  Then 
nitrogen  from  the  cylinder  is  ad¬ 
mitted  slowly  through  T,  into  the 
bulb  S  with  T,  and  T,  open  to  the 
chamber  and  T-,  closed.  At  the  same 
time,  sufficient  heat  is  applied  to 
bulb  S  to  cause  the  solution  to  boil. 

Nitrogen  is  admitted  until  the 
pressure  in  the  ion  chamber  is 
again  atmospheric.  This  transfers 
to  the  ion  chamber  the  quantity  of 


Cap<Cftof  with 
INSL-X  traatfd  wax. 


CapacHor  with 
ttandard  wax. 


After  5  days'  actual  exposure 


MEETS  U.  S.  ARMY  SIGNAL  CORPS  REQUIREMENTS 


Complete  syitem  for  detenninortion  of 
radon.  At  I  ia  the  ion<ounting  cham¬ 
ber;  S  la  the  atemdard  radium  aolution; 
C.  reduced  copper;  B,.  Drlerite;  Bu 
P1O3;  M,  open  mercury  manometer. 


INSL-X  TOXICANTS 


•  Will  not  vaporize  or  lose  potency  at 
bath  temperatures. 


radon  accumulated  in  the  standard 
solution  since  it  was  last  removed. 
This  can  be  computed  from  the 
known  quantity  of  radium  in  the 
solution  and  the  elapsed  time. 

The  measurement  of  an  un¬ 
known  may  now  be  made  by  evacu¬ 
ating  the  chamber  as  before  and 
attaching  the  flask  containing  the 
unknown  at  T,.  Stopcock  T,  is 
turned  to  connect  the  flask  to  the 
furnace  and  a  flushing  tube  is  con¬ 
nected  to  the  supply  of  nitrogen 
from  the  cylinder.  By  closing  T, 


•  Are  non-toxic  to  humans, 


•  Are  non-corrosive  to  metals. 


New  booklet  "Fungus  Proofing  for  the  Electronic 
Industry"  contains  important  facts  on  Fungus  Pre¬ 
vention.  Describes  complete  line  of  INSL-X  fungi¬ 
cidal  products.  Write  todayl 
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alpha  particles  from  the  sample 
may  be  counted. 

The  new  arrangement  is  so  com- 
pact  that  six  ion  chambers  can  be 
operated  in  the  space  required  for 
one  ionization  chamber  with  its 
electrometer  and  camera.  No  photo¬ 
graphic  process  is  involved  and  the 
final  record  is  immediately  avail¬ 
able,  thus  saving  considerable 
time.  Insulation  of  moderate  qual¬ 
ity  may  be  used  throughout  the 
new  equipment,  because  it  is  only 
important  that  the  current  be  large 
enough  to  insure  its  being  counted. 


Phase-Indicating  Null 
Indicator  for  Bridges 

The  use  of  a-c  operated  bridges  is 
often  severely  limited  by  the  fact 
that  the  usual  methods  of  detection 
of  balance  do  not  indicate  the  direc¬ 
tion  of  deviation.  Thus,  in  the  sim¬ 
plest  case  of  a  four-arm  bridge 
with  resistive  elements,  a  balance 
detector  sensitive  to  alternating 
current  will  not  indicate  whether 
the  balancing  resistor  should  be 
made  larger  or  smaller  to  reach 
balance.  This  makes  it  practically 
impossible  to  use  an  a-c  operated 
bridge  for  automatic  control  pur¬ 
poses  because  a  signal  originating 
in  the  balance  indicator  would  not 
indicate,  to  whatever  correcting  ele¬ 
ment  is  being  used,  the  direction  it 
will  have  to  move  in  order  to  obtain 
balance. 

There  are  several  schemes  avail¬ 
able  which  will  obtain,  on  a  zero- 
center  d-c  instrument,  deflections 
to  the  right  or  to  the  left  if  the 
deviation  of  an  a-c  operated  bridge 
from  balance  is  in  opposite  direc¬ 
tions.  An  analysis  follows  of  the 
action  of  one  of  the  balanced  de¬ 
tector  circuits  for  a-c  bridges  which 
has  recently  been  used  very  suc¬ 
cessfully  on  the  commercial  strain 
gage  indicator  described  in  the  De¬ 
cember  1943  issue  of  Electronics. 

Consider  the  simple  Wheatstone 
bridge  arrangement  shown  in  Fig. 
1.  With  the  bridge  in  balance,  there 
will  be  zero  voltage  between  points 
A  and  B.  When  unbalanced  with  X 
larger  than  /?„  point  A  will  be  posi¬ 
tive  with  respect  to  point  B  on  the 
half  cycle  during  which  C  is  posi¬ 
tive  with  respect  to  D.  That  is,  the 
alternating  voltage  Eab  will  be  in 
phase  with  the  a-c  voltage  Ect» 
With  X  smaller  than  demanded  by 


Ne«d  a  quick,  accuxata  method  for  testing  bond  or 
contact  resistance  against  a  predetermined  low- 
resistance  standard? 

Shallcross  Low  Resistance  Test  Sets  are  available 
in  a  variety  of  portable  and  semi-portable  types  to 
facilitate  the  making  of  a  large  number  of  tests  with¬ 
out  the  use  of  a  bridge.  Whether  for  production 
liw  testing  of  contact  resistance  of  electrical  equip¬ 
ment,  or  field  testing  of  railway  or  aircraft  bonding, 
they  offer  maximum  efficiency  and  economy. 

Shallcross  Type  645  (illiistrated)  is  completely  self- 
contained  and  may  be  used  either  in  a  fixed  position 
or  suspended  comfortably  from  the  operator*  s 
shoulders  for  field  work.  A  connection  is  made  to  one 
fide  of  the  bond  or  contact  under  test  and  the  Pistol 
Grip  Exploring  Probe  touched  to  the  other  side  for  a 
fast,  accurate  reading  on  the  meter.  Bar-to-bar  com¬ 
mutator  resistance  measurements  are  as  simple  to 
make  as  a  voltmeter  reading. 
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balance,  A  will  be  negative  with  re¬ 
spect  to  B  during  the  half  cycle  that 
C  is  positive  with  respect  to  D,  and 
the  voltage  Eab  will  consequently 
be  180  deg  out  of  phase  with  the 
voltage  Ecp.  It  is  evident  that  a  bal¬ 
ance  detector  for  the  voltage  Et,, 
which  at  the  same  time  would  in¬ 
dicate  its  phase  relation  with  re¬ 
spect  to  the  voltage  Eeo,  would  be  a 
valuable  addition  to  the  tools  of  the 
electrical  engineer. 

Indicator  Circuit 


The  strain  gage  indicator  re¬ 
ferred  to  uses  an  unusual  arrange¬ 
ment  of  small  dry-type  rectifiers  as 
shown  in  Fig.  2.  A  1000-cycle  alter¬ 
nating  voltage  is  applied  to  the 
bridge  and  the  unbalanced  voltage 
existing  between  points  A  and  B  is 
fed  through  an  amplifier.  The  am¬ 
plified  output  voltage  is  applied 
through  a  transformer  to  one  diag¬ 
onal  of  a  four-element  rectifier 
bridge  arranged  so  as  to  short-cir¬ 
cuit  itself.  The  other  diagonal  is 
connected  to  a  winding  on  the  trans¬ 
former  furnishing  the  voltage  for 
the  bridge.  This  voltage  is  conse¬ 
quently  in  phase  with  the  voltage 


Probably  the  most  important  single  factor  in  modern 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  coihmunications  require  a  dependable  power 
supply.  Pincor  is  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 
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GENERATORS  ....DC  MOTORS 

POWER  PLANTS.. .GEN-E-MOTORS  ^ 


Fig.  1 — Wheatstone  bridge  circuit  in 
which  the  polarity  of  the  Toltage  be¬ 
tween  points  A  and  B  changes  when 
the  ralue  oi  Z  is  oboTe  and  below  the 
▼alue  required  ior  balance 


BUY  WAR  BONDS! 


Ecd-  The  d-c  indicating  instrument 
is  connected  as  shown  between  the 
centertaps  of  the  transformer  wind¬ 
ings  connected  to  the  diagonals  of 
the  bridge. 

To  analyze  the  performance  of 
the  circuit,  the  essential  voltage 
sources  and  rectifiers  are  redrawn 
in  fig.  3  where  vacuum-tube  recti¬ 
fiers  are  shown,  simply  for  the  con- 
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POWER  RECTIFIERS— The  E-E  diversified  line 
of  high  vacuum  and  mercury  vapor  half  and 
full  wave  rectified  tubes  is  capable  of  meet¬ 
ing  the  most  varied  requirements.  Long  life 
and  high  efficiency  are  emphasized  through 
electronic  and  engineering  resourcefulness. 
Inverse  voltage  flash-over,  secondary  emis¬ 
sion  and  occluded  gas  difficulties  are  virtually 
non-existant  in  these  electronic  components. 
E-E  engineering  is  not  static — it  is  beamed  to 
the  far  horizons  of  ever  wider  applications. 
These  progressive  engineering  facilities  are 
available  to  you  for  collaboration  relative  to 
present  day  problems  or  those  looking  to  the 
future.  Inquiries  are  invited — no  obligation. 
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FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


WHEN  THE  “L0N6EST  WAY  ‘ROUND 
IS  THE  SHORTEST  WAY  HOME”... 

Specify  Walker-Turner  Flexible  Shaftinq 


In  transmitting  light  p>ower  loads  between  two  points,  it  is  often 
possible  to  design  a  simpler,  lighter,  more  compact  product 
with  Flexible  Shafting  than  with  gears. 

You'll  find,  tod,  that  it  pays  to  specify  Walker-Turner  Flexible 
Shafting  on  jobs  like  these  —  for  smoother  power  flow,  more 
sensitive  control,  trouble-free  operation.  Into  this  product, 
we've  packed  all  the  "know-how"  picked  up  in  years  of  manu¬ 
facturing  our  own  flexible  shaft  machines  ...  in  years  of 
working  with  other  manufacturers  on  problems  of  power 
transmission  and  remote  control.  Let  us  know  if  we  can  put 
that  experience  to  work  for  you! 


^  WALKER  -  TURNER  COMPANY,  INC.  Plainfield.  New  Jersey 


venience  of  being  able  to  refer  to 
their  terminals  as  cathode  and 
anode.  Resistances  are  shown  in 
series  with  the  tubes,  to  illustrate 
the  fact  that  copper-oxide  rectifier 
elements  have  appreciable  resis¬ 
tance  in  the  forward  direction. 

One  of  the  voltages  can  be  con¬ 
sidered  as  a  reference  voltage;  this 
would  be  the  voltage  existing  be¬ 
tween  H  and  F.  Assume  this  to  be 
an  alternating  voltage  of  constant 
value  and  considerably  larger  than 
the  voltage  RT  which  we  wish  to 
indicate.  It  will  also  be  convenient 
to  assume  the  two  voltages  HF  and 
RT  as  square  waves. 

When  the  voltage  RT  is  zero, 
voltage  HF  will  produce  currents 
alternately  through  rectifiers  a  and 
h,  when  H  is  positive  with  respect 
to  F,  and  through  rectifiers  c  and 
d,  when  F  is  positive  with  respect 
to  H.  Assuming  equal  rectifier  char¬ 
acteristics  and  series  resistances, 
windinsr  HF  then  forma  a  balanced 


Bom 


Fig.  2 — Circuit  oi  a  strain  gage  indi¬ 
cator  containing  dry-type  rectifiers  and 
an  electronic  amplifier 


bridge  circuit  alternately  with 
branch  a-h,  and  then  with  branch 
c-d.  When  no  voltage  exists  across 
winding  RT,  points  R,  S  and  T  are 
always  at  equal  potential,  and  con 
seqiiently  no  current  will  flow  in  the 
meter  I. 


Inoperative  Branch 


To  consider  what  happens  in  that 
branch  of  rectifiers  which  is  not 
carrying  current  at  a  particular 
instant,  let  R  be  just  midway  be¬ 
tween  H  and  F  in  potential.  Since 
G  is  also  midway  between  H  and  F , 
no  potential  exists  between  R  and 
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G.  In  either  of  the  two  rectifiers  c 
and  d,  no  current  can  fiow  as  long 
as  point  T  does  not  become  positive 
with  respect  to  H,  in  which  case 
rectifier  d  would  begin  to  conduct 
since  its  anode  would  then  be  posi¬ 
tive  with  respect  to  the  cathode,  or 
as  long  as  point  T  does  not  become 
negative  with  respect  to  F,  in  which 
case  rectifier  c  would  become  con¬ 
ducting.  Therefore,  during  the  half 
cycle  when  H  is  positive  with  r^ 
spect  to  F,  branch  c-d  could  be  con¬ 
sidered  as  absent,  as  long  as  there 
are  no  voltages  trying  to  make 
point  T  positive  with  respect  to  H 
or  negative  with  respect  to  F.  Dur¬ 
ing  the  half  cycle  when  F  is  posi¬ 
tive  with  respect  to  H,  similar  rea¬ 
soning  applies  to  branch  a-b  and 
point  R.  . 

When  H  is  positive  with  respect 
to  F,  point  R  is  midway  between 
them  in  potential  and  the  potential 
of  point  T  is  then  determined  by 
the  voltage  appearing  at  this  in¬ 
stant  across  winding  RT.  If  this 
voltage  is  less  than  half  of  the  volt¬ 
age  HF,  the  conditions  for  consid¬ 
ering  branch  c-d  as  absent,  as  out¬ 
lined  above,  are  fulfilled.  Assume 
that  the  voltage  TR  is  4  volts  with 
T  positive,  when  voltage  HF  is  10 
volts  with  H  positive.  Point  S  may 
then  be  2  volts  positive  with  respect 
to  R.  If  the  meter  resistance  is 
high  compared  to  the  resistances  in 
the  rectifier  branches,  point  S  will 
be  also  2  volts  positive  with  respect 
to  point  G,  and  current  will  flow 
through  the  meter  in  the  direction 
from  S  to  G. 

During  the  next  half  cycle,  F  will 
be  positive  with  respect  to  H.  Cur¬ 
rent  will  flow  through  branch  c-d, 
establishing  point  T  midway  in  po¬ 
tential  between  F  and  H.  Branch 
a-b  can  now  be  considered  as  ab¬ 
sent.  If  the  voltage  RT  is  in  phase 
with  voltage  HF,  its  polarity  will 
also  be  reversed,  that  is,  R  will  now 
be  4  volts  positive  with  respect  to 
T,  and  S  will  again  be  2  volts  posi¬ 
tive  with  respect  to  G.  Current  will 
again  be  flowing  through  the  meter 
from  S  to  G.  It  is  obvious  that 
current  would  flow  through  the  d-c 
meter  in  the  opposite  direction  if 
the  phase  of  the  voltage  RT  would 
have  been  assumed  opposite,  that 
is,  if  T  were  negative  with  respect 
to  R  during  the  half  cycle  when  H 
is  positive  with  respect  to  F. 

Suppose  the  two  waves  are  90  deg 
out  of  phase,  considering  them  still 


If  you  have  to  ut«  Mica  (an</  in  many 
p/accs  it  is  a  must) — use  the  best  mica. 
There  is  no  real  cost  difference  but  there  is  a 
difference  in  the  product  ibelf  and  the 
service  and  responsibility  behind  it  Reli¬ 
ability,  uniformity,  accuracy  and  technical 
cooperation  —  these  are  matters  of  exper¬ 
ience,  resources  and  alertness. 


Whtn  you  think  of  MICA  think  of  MACALLCN 
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-lERE  is  no  such  thing  as  a 
**cure-aU”  brush  for  fractional 
h.p.  motor  problems. 

That’s  the  big  point  about  small,  universal- 
motor  problems  in  general.  They’re  as  alike  as 
peas  in  a  pod — which  means  they're  not  alike 
at  all.  They  only  seem  alike  superficially,  and 
that’s  why  brush  problems  begin  to  pile  up. 

This  becomes  more  understandable  when  it 
is  realized  that  a  brush  which  works  best  on  one 
make  of,  say,  vacuum  cleaner,  probably  won’t 
work  best  on  another.  There  are  too  many 
joints  of  difference  requiring  painstaking  re¬ 


search  and  testing  to  uncover.  Moreover,  this 
work  must  be  based  on  the  specific  application 
involved,  with  full  detaib  at  hand,  and  backed 
by  a  COMPLETE  line  of  brush  types  permitting 
adaptations  to  any  one  of  hundreds  of  widely 
varying  conditions  that  may  be  indicated. 

Stackpole’s  facilities  in  this  direction  are 
entirely  adequate,  our  record  of  achievement  in 
solving  small-motor  brush  problems  is  unsur¬ 
passed. 

We’ll  gladly  place  these  facilities  at  your 
disposal  in  meeting  either  present  or  post-war 
brush  requirements. 


STACKPOLE  CARBON  COMPANY,  ST.  MARYS,  PENNA. 
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ELECTRICAL  BRUSHES  AND  CONTACTS  (All  carbon,  graphite,  metal,  and  composition  types)  •  RARE  METAL 
CONTACTS  •  WELDING  RODS,  ELECTRODES,  AND  PLATES  •  BRAZING  BLOCKS  •  RHEOSTAT  PLATES  AND  DISCS  •  PACKING, 
PISTON,  AND  SEAL  RINGS  •  CARBON  REGULATOR  DISCS  •  SINTERED  IRON  COMPONENTS  •  CARBON  PIPE,  ETC. 
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1910-32  Nor+h  Front  Street,  Philadelphia,  Pennsylvania 
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Accuracy  cannot  re  com 


Sinusoidal  Waves 


If  a  sinusoidal  wave  shape  is  as¬ 
sumed,  no  change  in  operation  re¬ 
sults  as  long  as  voltage  RT  is  either 
in  phase,  or  180  deg  out  of  phase 
with  the  reference  voltage,  and  is 
less  than  half  of  the  reference  volt¬ 
age.  The  meter  reading  will  then 
be  determined  by  the  average  value 
of  the  voltage  RT. 

If  a  phase  displacement  between 
two  sinusoidal  voltages  exists,  there 
will  be  periods  when  the  instantan¬ 
eous  value  of  the  voltage  RT  will 
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SPERTI  HERMETIC  SEALS  ARE 
SPECIFIED  ON  EQUIPMENT  DESIGNED 
FOR  TOUGH  MILITARY  CONDITIONS 


INCORPORATED 


ELECTRONIC  DIVISION,  DEPT.  IE-31 
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Gef  EvBrvthina  in 
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Ntw  R-F  Retonanct  and 
Call  Windini  Calculator 
Easy  to  use!  For  fast  ac¬ 
curate  determination  of 
resonance  factors  and 
coil  winding  data. 
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All  you  make  is  one  conuct.  All  you  place  is 
one  order  .  .  .  for  everything!  Allied  carries 
today’s  largest  and  most  complete  stocks  under 
one  roof . . .  ready  for  rush  delivery.  Over 
10,000  items  to  meet  the  most  diverse 
needs.  Procurement  of  ”hard>to*get”  items  is 
facilitated  by  our  close  contact  with  leading 
manufacturers.  This  centralized  stock  and 
procurement  service  does  the  job — faster!  It’s 
always  a  good  idea  to  call  ALLIED  First . . . 
for  one  item  or  a  hundred! 

Write,  Wire,  or  phone  Haymarket  6800. 


ALLIED  RADIO  CORPORATION 

t33  West  Jackson  Blvd.  Dapt.  24>H-4,  Chicago  7,  III. 

In  the  Heart  sf  America’s  Tramspsrtatiou  System 
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true  any  more.  In  the  original  an¬ 
alysis,  rectifiers  d  and  c  were  en¬ 
tirely  inoperative  during  the  half 
cycle  when  H  was  positive,  provided 
the  voltage  RT  was  less  than  half 
of  the  voltage  HF.  If  this  is  not  the 
case,  current  will  fiow  in  one  of  the 
two  rectifier  elements,  in  d  for  ex¬ 
ample  when  T  is  more  positive  with 
respect  to  R  than  H  is  positive  with 
respect  to  G,  or  in  other  words,  if 
the  voltage  RT  is  more  than  half 
of  the  voltage  HF.  Regardless  of 
this  additional  current  in  element 
d,  S  will  still  be  positive  with  re¬ 
spect  to  G,  and  current  will  flow 
in  the  meter  I  the  same  as  under 
our  original  assumption.  Only  the 
proportionality  factor  between  the 
indication  of  the  meter  and  the 
voltage  RT  will  change  the  moment 
that  rectifier  d  becomes  active. 
Qualitatively  nothing  will  change 
when  our  original  assumption  (volt¬ 
age  RT  less  than  half  of  voltage 
HF)  is  not  fulfilled  any  more.  With 
exactly  90  deg  phase  displacement 
between  the  two  voltages,  the  me¬ 
ter  will  read  zero;  with  a  phase  dis¬ 
placement  less  or  more  than  90  deg, 
the  current  through  the  meter  will 
be  in  one  or  the  other  direction. 


Application 


In  control  circuits,  the  meter  may 
be  replaced  by  a  polarized  d-c  relay. 
As  possible  applications,  phase  re¬ 
versal  relays,  control  operation 


FREAK  ACCIDENT 


After  on  accident,  the  drieer  of  ihi* 
Mlseouri  State  patrol  cor  woe  pinned  in 
the  wreckage.  A  Motorola  l-m  tronamit* 
ter  woi  tom  from  its  mounting  and  the 
antenna  bent  back  almost  flat  against 
the  ride  of  the  cor.  In  spite  of  the 
damoge,  the  potrolmon  made  contact 
with  his  home  station  forty  miles  away 
to  reguant  assistance 
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WELDRAWN 

THE  SUPERIOR  WELDED-AND-DRAWN 
METAL  TUBING  FROM  Vs  OD  DOWN 

WELDRAWN  is  the  trademarked  Superior  Tube  Com-j 
pany  welded  tubing  which  combines  essentially  all  of 
the  physical  and  metallurgical  gualities  of  seamless  .  .  . 
smooth  bright  finish,  homogenous  structure,  close  toler¬ 
ances,  high  tensile  strength — with  economy.  WELDRAWN 
has  a  firm  preferred  place  in  industry  .  .  .  the  result  of 
wide  usage  and  highly  satisfactory  performance. 

Produced  in  Stainless  Steels  (various  analyses),  and  '  Monel.  " 


WELDRAWN  Stainless  nneets  U.  S.  Governnnent  Specifica¬ 
tion  AN-T-43— a  typical  example  of  the  standard  of  perfor¬ 
mance  which  you  may  expect  .when  you  specify  Superior 
WELDRAWN  for  a  wide  variety  of  small  tubing  applications. 
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FOR  EVERY  SMALL  TUBING  APPLICATION  FROM  Vs"  00  OOWN 

SUPERIOR  Seamless  in  various  analyses.  WELDRAWN  Welded  and  drawn  Stainless,  ""Monel**  and  ""Inconel** 
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from  a-c  operated  bridges  (resis¬ 
tance  thermometers,  for  instance) 
come  to  mind.  Another  highly  valu¬ 
able  feature  of  this  circuit  is  that 
a  voltage  differing  in  frequency 
from  the  reference  voltage  will  not 
cause  any  reading  on  the  meter. 
This  means  that  a  60-cycle  mag¬ 
netic  pick-up  in  the  leads  will  not 
cause  any  deflection  in  the  meter, 
as  it  would  if  the  balance  indicator 
would  simply  indicate  the  presence 
of  any  alternating  voltage.  This 
frequency  discriminating  action  of 
the  circuit  may  provide  other  ex¬ 
tremely  interesting  possibilities.  If 
the  reference  voltage  has,  for  ex¬ 
ample,  a  frequency  of  300  cps,  a 
meter  reading  will  be  obtained  only 
if  the  voltage  RT  is  also  of  300 
cycles,  or  has  a  comjwnent  of  this 
frequency,  and  if  this  300-cycle 
component  has  in  turn  a  component 
in  phase  (or  180  deg  out  of  phase) 
with  the  300-cycle  reference  volt¬ 
age. 

If  the  reference  voltage  is  60 
cycles  while  voltage  RT  is  59  cycles, 
these  two  voltages  beat  together  to 
produce  a  frequency  of  one  cps.  The 
d-c  meter  will  then  swing  from  a 
positive  to  a  negative  indication 
and  back  once  every  second ;  a  max¬ 
imum  positive  indication  would  for 
instance  be  a  sign  that  the  two  volt¬ 
ages  are  in  phase,  and  a  polarized 
relay  in  place  of  the  meter  might 
be  used  for  automatic  synchroniza¬ 
tion  of  a-c  generators. 


DYNAMIC  TUBE  TESTER 


Cut  shows  one  of  mcmy  types  and  sizes  of  Ohio  Motors 
designed  for  driving  Electronic  Devices. 


1/100  to  2  HP.— A.C. 

1/100  to  1  HP^D.  C. 

1/100  to  V*  HP. — ^A.C.  Synchronous.  , 

1  to  100  os.  ft.  A.C.  Torquo. 

Sholl  typo  mdtors  for  bnilt-ia  opplicottons  to  4  HP. 
— A.C. 

All  usnod  Toltagos  emd  eyclos. 

Wbat  1m  your  problem? 


THE  OHIO  ELECTRIC  MANUFACTURING  CO 

5908  Maurice  Avenue  Cleveland  4,  Ohi< 


To  properly  season  and  actlTate  tb* 
filament,  type  304TL  tubes  for  VHF  um 
are  operated  at  15  megacycles  for  a 
period  of  four  hours  in  this  dynamic 
tester  at  the  Dobbs  Ferry  plant  of  North 
American  Philips  Co..  Inc. 
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OOAT  it  Stampinfi  Orowndt  Mr  SmaN  T«wgh 
Jebt.  Shown  cko  a  low  typicoi  tltctrowic  Iwbo 
port!  riiot  kavo  boon  ttompod,  drown  and 
formod  on  OOAT  mochinot.  diot  and  prottot. 


We  can't  juggle  ■. .  .  but  we  are 
pretty  versatile  in  our  own  way. 
During  the  past  15  years  we  have 
been  called  upon  to  handle  a 
great  variety  of  tough  jobs  re¬ 
quiring  skill,  precision,  efficiency 
and  versatility.  Because  of  experi¬ 
ence  gained  throughout  the  years, 
GOAT  has  been  able  to  meet 


the  demands  of  the  electronic 
industry  for  greater  quality,  dura¬ 
bility  and  quantity  production. 
Today,  GOAT  serves  almost 

I 

every  electronic  tube  manufac¬ 
turer  with  a  tremendous  variety 
of  stock  and  special  parts,  made 
of  any  metal  ...  to  any  required 
degree  of  accuracy. 


Celebrating  our  Fifteenth  Year  of  Manufacturing 
Electronic  Tube  Parts  and  Shields 


METAL  STAMPINGS,  INC. 


Affiliate  of  The  Fred  Goat  Co^  Tnc.  •  Fst,  1897 
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Communication 
for  Trains 

{Continued  from  page  107) 

breakagre,  the  communications  sys¬ 
tem  may  be  rendered  inoperative. 

From  a  service  point  of  view, 
rail  carrier  systems,  which  nor¬ 
mally  operate  at  low  carrier  fre¬ 
quencies,  utilize  portions  of  the  fre¬ 
quency  spectrum  where  many  car¬ 
rier  circuits  of  telephone,  telegraph 
and  electric  power  companies  now 
operate.  This  means  that  the  num¬ 
ber  of  available  communicating 
channels  is  relatively  small,  pos¬ 
sibly  limiting  the  use  of  rail  carrier 
systems  to  operational  communica 
tions  only,  without  provision  for 
various  passenger  services. 

I■d■ctie■  Radio  Syttons 


I 


top  quality 

electrical  sheets 


From  submarines  which  stalk  their  prey  in  enemy 
waters  to  craft  which  land  troops  and  tanks  on  hostile 
shores,  ingenious  electrical  and  electronic  apparatus  is 
playing  a  vital  part.  And  Follansbee  is  supplying 
Electrical  Sheets  to  the  rigid  specifications  required 
for  all  types  of  this  equipment. 

The  varied  requirements  for  Electrical  Sheets  are 
readily  met  by  FoUansbee’s  compact,  highly  skilled 
organization.  Small  basic  open-hearth  furnaces  are 
closely  controlled  to  precise  specifications.  The  exclusive 
Pre-Forging  process — pressing  ingots  into  billets — pro¬ 
vides  a  uniform  density  that  results  in  better  flux 
distribution  in  cores  for  every  application.  • 

For  top  punching  quality  .  .  .  for  closest  gauge 
tolerances ...  for  best  surface  conditions ...  for  superior 
performance  in  your  apparatus — Follansbee  meets  the 
test.  Check  with  Follansbee  on  your  next  order. 


FOLLANSBEE  STEEL  CORPORATION 

GENERAL  OFFICES  •  PITTSBURGH  30.  PA. 


Sales  Offices — New  York,  Philadelphia,  Rochester,  Cleveland,  Detroit, 
Milwaukee.  Sales  Agents — Chicago,  Indianapolis,  St.  Louis,  Nashville, 
Los  Angeles,  San  Francisco,  Seattle;  Toronto  and  Montreal,  Canada. 
Plants — Follansbee,  W.  Va.  and  Toronto,  O. 


ALLOY  BLOOMS.  BILLETS.  BARS.  SHEETS  •  STRIP  •  COLD  ROLLED  SHEETS  B  STRIP 
POLISHED  BLUE  BHEETS  •  ELECTRICAL  SHEETS  B  STRIP  •  SEAMLESS  TERNS  ROLL  ROOPINO 


Induction  radio  systems  combine 
inany  of  the  features  employed  in 
space  radio  and  rail  carrier  te!^ 
phone  systems.  Although  indue 
tion  radio  systems  of  the  type  un 
der  discussion  operate  at  radio 
frequencies,  use  is  made  of  the 
combined  r-f  induction  and  rad  la 
tion  fields  existing  in  close  proxim¬ 
ity  to  loop  radiators  and  wayside 
wires  on  which  radio-frequency  sig 
nal  energy  is  impressed.*”  *•  * 
Induction  radio  systems  are  dis^ 
tinguished  from  normal  space  ra 
dio  systems  for  the  reason  that  ir 
induction  radio  techniques  use 
made  of  the  localized  and  highly 
concentrated  r-f  induction  and  ra 
diation  fields  which  exist  in  clc^ 
proximity  to  loop  and  other  rad; 
ators.  These  fields  are  usually  cor 
sidered  to  be  within  the  di-stanor 
of  157,000//  feet  where  /  is  in  kc. 
while  space  radio  systems  utiliw 
the  radiation  field  existant  in  spa, 
at  distances  considerably  beyur:| 
those  at  which  the  induction  field  ij 
effective. 

Induction  radio  techniques  ditfi:; 
from  those  employed  in  rail  car 
rier  telephone  communication  syv 
terns,  in  that  signal  energy  at  rad; 
frequencies  is  impressed  primarik] 
on  wayside  wires  rather  than  o: 
rail  circuits,  while  the  combined  ir 
duction  and  radiation  field  sur 
rounding  these  wires  is  utilizer 
for  communication  purposes.  N 
conductive  connections  are  reg 
quired  to  rail  or  wire  circuits. 

Inasmuch  as  induction  radio  sir 
naling  methods  do  not  employ 
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AFTER  THIS  WAR 


Let’s  look  at  television  first — everybody  else  is! 
Oiir  own  deep  confidence  in  the  ultimate  suc¬ 
cess  of  television  is  foimded  on  long,  practical 
experience.  As  early  as  1938,  we  were  producing 


WHAT’S-THE  RADIO  AND  TELEVISION  DUSINESS 


GOING  TO  LGGK.LIKE?. 


SERE’S  HOW  WE  SEE...m  TaEVnUM  PWOVECT 

.  Television  has  a  ireat  future. 

.  There  is  tremendous  public  interest  in  television. 
|However,  it  will  be  several  years  after  the  war  before 
ienoiigh  television  stations  can  be  built  to  provide  full 
^r>ational  coverage. 

3.  As  television  broadcasting  facilities  develop— ter¬ 
ritory  by  territory— good  business  opportunities  will 
pe  presented  to  you . . .  and  to  us. 

t'hen  television  broadcasting  develops  in  your  terri- 
iry,  Stromberg-Carlson  will  have  a  full  line  of  tele- 
lisiun  receiving  sets  which  will  bring  to  this  rich  field 
pe  50-year-old  fact:  “There  is  nothing  finer  than  a 
®ti  omberg-Carlson !” 


lERE’S  OUR  VIEW  OF. ..THE  RADIO  FORECAST | 

.  There  always  has  been— always  will  be— a  profit- 
Dble  demand  for  a  good  radio  and  radio  phonograph 
ha  fine  musical  instrument. 

..  For  the  immediate  post-war  years,  the  expanding 
r*arket  for  FM  receivers  and  phonograph  combina- 
ions  will  provide  your  greatest  profit  opportunity. 

|.  We  believe  that  such  instruments  must  have  su- 
l^rl  itive  tone  quality  and  an  appearance  in  keeping 
Kith  the  best  in  furniture  design. 


television  receiving  sets  commercially.  In  March 
of  this  year  we  applied  for  a  license  to  ojjerate 
our  own  television  broadcasting  station.  But 
confident  as  we  are,  we  try  to  view  television 
realistically,  and  with  sound  business  judgment. 


AND  HERE’S  OUR  PLEDGE  TO  HELP  TOU  TO  A 

PMFITAiLE  POST  WAR  BOSINESS! 

1.  We  will  have— soon  after  Victory— a  fine  line  of 
Stromberg-Carlson  FM  and  AM  radios,  phonograph 
combinations  and  television  receivers  in  a  wide  range 
of  prices. 

2.  We  will  have  a  policy  of  distribution  planned  to  give 
every  Authorized  Dealer  a  good  profit  opportunity  on 
the  Stromberg-Carlson  line. 

3.  And  the  Stromberg-Carlson  name  will  be  even  more 
widely  and  more  favorably  known  than  ever  before. 


STROIMBERG'CARLSON 

ROCHESTER  3.  NEW  YORK 


RADIOS,  TILEVItlON,  TILIPHONIS 
AND  SOUND  IQUIPMINT 


M  * 
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impedance  rail  circuits  which  ra¬ 
pidly  attenuate  signal  energy  at 
frequencies  above  10  kc,  relatively 
low-power  equipment,  comparable 
in  power  output  rating,  size,  weight 
and  cost  to  space  radio  equipment, 
can  be  utilized  for  two-way  com¬ 
munication  between  mobile  units 
and  wayside  stations  over  distances 
of  100  miles  where  normally-exi^t- 
ent  wayside  lines  are  present. 

Induction  radio  systems  also  have 
a  desirable  characteristic  possessed 
by  rail  carrier  telephone  systems 
with  respect  to  restriction  in  lateral 
extent  of  the  signal  zone,  so  that 
relative  privacy  of  communications, 
as  compared  with  normal  space  ra¬ 
dio  systems,  is  maintained.  Fur¬ 
ther,  at  the  lower  radio  frequencies, 
equipment  may  be  operated  with¬ 
out  Federal  licensing  providing 
that  such  operation  is  in  compli¬ 
ance  with  FCC  regulations. 

Since  telephone,  telegraph,  or 
electric  power  lines  follow  closely 
most  all  railroad  trackage,  the  ex¬ 
tensive  wire  network  required  for 
operation  of  induction  radio  sys¬ 
tems  on  a  comprehensive  national 
basis  is  already  largely  existent.  In 
the  limited  number  of  instances 
where  wires  leave  the  vicinity  of 
the  railroad  right  of  way  for  dis¬ 
tances  greater  than  several  hun¬ 
dred  feet,  inexpensive  installations 
of  one  or  two  wires  across  the  gap 
will  carry  the  r-f  carrier  signals  to 
the  points  where  the  normal  wire 
circuits  again  are  in  proximity  to 
the  tracks. 

Induction  radio  techniques  ap¬ 
pear  to  be  well-adapted  for  use  in 
various  urban  and  mountainous 
areas  through  which  railroads  op¬ 
erate.  Signals  impressed  on  way- 
side  wires  will  follow  the  curvature 
of  trackage  in  sections  where  space- 
radiated  signals  cannot  readily  be 
received  without  the  aid  of  repeat¬ 
ing  equipment. 

As  induction  radio  techniques  are 
not  dependent  on  rail  circuits,  dam¬ 
age  to  the  tracks  does  not  prevent 
effective  functioning  of  the  system. 
Communications  may  usually  be 
maintained  in  event  of  line  breaks 
even  though  at  reduced  efficiency 
(as  is  commonly  the  case  in  carrier 
telephone  installations  of  electric 
power  companies),  because  adjacent 
lines  or  tracks  themselves  will  often 
provide  an  inductive  bridge  across 
a  break  in  a  line. 

The  use  of  radio-frequency  car- 
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^mUDQ€SAK  OUT! 

i  No  need  to  worry 
about  smudges  mess¬ 
ing  up  your  drawings 
when  you  erase  -  not 
with  Arkwright  Trac¬ 
ing  Cloths!  They're 
specially  processed  to 
erase  neatly! 


A  OOUBTf 

With  Arkwright 
Tracing  Cloths  you 
always  get  good,  clear, 
easy-to-read  blue¬ 
prints.  That's  because 
Arkwright  Cloths 
have  the  high  trans¬ 
parency  that  assures 
sharp  transfer. 


around  for  sheets  of 
Arkwright  Tracing 
Cloths  to  try  out!  For 
free  samples,  simply 
write  Arkwright 
Finishing  Company, 
Providence,  R.  I. 


So/d  by  leading  draw¬ 
ing  material  dealert 
everywhere 


AMEXiCA'S  S7AMDARD  FOR  OVER  20  YEARS 
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STANDARD 

for 

Top  Chassis  Mounting 
MALLORY'T'P*  Capacitors 


\ 

*TrmlcBMrk  SMhtmd 


The  Hmrder  They  Fights  the  More 
They  Need^^Buy  Wmr  Bondm 

Mallory  FP  capacitors  embrace  so  many  features, 
and  are  ideally  suited  to  so  many  types  of  service, 
that  they  have  largely  outmoded  the  ridiculous  array  of 
"specials”  in  use  prior  to  their  introduction.  This  stand¬ 
ardization  has  made  possible  appreciable  savings  in  time 
and  money,  in  addition  to  improved  performance. 

The  patented  "twisted  ear”  mounting  of  FP  Capacitors 
rules  out  the  necessity  of  extra  clamps,  washers,  nuts  or 
screws;  no  other  parts  are  required  for  mounting.  The 
greatly  reduced  size  of  the  capacitor  carries  its  own 
obvious  advantages,  without  any  sacrifice  of  electrical 
characteristics.  Special  internal  cartridge  design  assures 
minimum  coupling  with  only  occasional  need  of  extra 
circuit  isolation.  And  FP  Capacitors  are  low  in  price — 
widespread  acceptance  has  made  that  possible. 

Specifications  and  complete  test  data  on  FP  and  other 
Mallory  capacitors  are  contained  in  the  latest  Mallory 
Catalog.  Send  for  a  copy  today.  See  your  Mallory  distributor. 

P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


ELECTROLYTIC, 
FILM  AND  PAPER 

CAPACITORS 
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riers  and  frequency -modulation 
techniques  also  provides  relatively 
high  signal-to-noise  ratios  at  rect  iv. 
ing  stations  where  electric  noise 
levels  are  of  considerable  magni¬ 
tude,  as  in  electric  or  Diesel-electric 
locomotives. 


ladacfioa  Redi*  Eqaipncat 

Induction  radiotelephone  equip- 
ment  utilized  in  railroad  and  other 
traffic  communicating  services 
usually  employs  central  station  or 
wayside  transmitters  with  power 
output  ratings  ranging  from  3  to  25 
watts.  Frequencies  used  are  nor¬ 
mally  in  the  portion  of  the  radio¬ 
frequency  spectrum  extending  from 
50  to  200  kc,  although  lower  or 
higher  frequencies  may  be  utilized. 

Signal  energy  may  be  impressed 
on  wayside  wire  circuits  through 
inductive  coupling  between  the 
wire  circuits  and  an  r-f  transmis¬ 
sion  line  extending  parallel  to  and 
in  close  proximity  to  such  wires,  or 
by  means  of  capacitive  coupling  be¬ 
tween  the  output  circuit  of  the 
transmitter  and  the  one  or  more 
existing  wayside  wires  which  ex¬ 
tend  along  traffic  lanes.  In  the 
former  case,  the  transmission  line 
or  induction  cable  is  usually  located 
parallel  to  and  several  feet  from  ex¬ 
isting  wayside  wires.  The  line  is 
terminated  in  its  characteristic  im¬ 
pedance  to  reduce  standing  waves 
and  resultant  excessive  radiation 
from  the  line. 

In  induction  radiotelephone  sys¬ 
tems  developed  by  the  Halstead 
Corporation  an  r-f  attenuator  unit, 
usually  adjustable  in  2-db  steps,  is 
sometimes  employed  in  the  power 
output  circuit  of  the  transmit¬ 
ter  to  facilitate  regulation  of  the 
amount  of  r-f  power  impressed  on 
wire  circuits  without  requiring  a 
change  in  the  output  loading  circuit 
of  the  transmitter.  This  unit  also 
aids  non-technical  personnel  in 
maintaining  optimum  field  inten¬ 
sity  under  varying  weather  condi¬ 
tions,  when  moisture  on  line  insu¬ 
lators  may  cause  greater  attenua¬ 
tion  of  r-f  signal  energy  than  when 
insulators  are  dry. 

Receiving  equipment  may  be 
coupled  to  the  r-f  transmission  line 
or  to  one  or  more  wayside  wires 
through  suitable  capacitors,  as 
shown  in  Fig.  5. 

Although  amplitude  -  modulated 
induction  radiotelephone  equipment 
has  been  successfully  employed  in 


TACAT/r 


This  it  a  tpmcial  nmw  hollow  typo  Chorry  Rlvof, 
Don't  utm  toll-plugging  Chorryt  for  lacking. 


Critical  jobs  that  have  to  be  just  so  .  .  .  jobs  that  are  hard 
to  hold  together — bends  and  curves  and  shifty  materials 
.  .  .  tack  'em  temporarily  with  Cherry  Tack  Rivets.  Easy? 
On  riveted  jobs  just  flip  in  Cherrys  every  so  often.  For 
welding,  drill  a  few  holes  and  pull  in  a  few  Cherry  Rivets. 
For  bonding,  stitching,  soldering — fastening  of  any  sort — 
metals,  plastics,  wood,  rubber  or  fabrics — the  job  is  easier 
if  it's  first  tacked  with  Cherry  Rivets.  No  obstacles,  no 
clamps — economical — easy  to  remove.  And  ^ 

of  course  Cherry  Rivets  work  blind — one  man 
on  one  side  of  the  job  only. 


G«t  th«  compUt*  story 
of  tho  Chorry  systom 
—  rivoting  with  a  pull 
instoad  of  a  pound. 
Writ#  for  Handbook 
A-43.  Chorry  Rivot  Co., 
Dopt.  A- 120,  231  Win¬ 
ston  St.,  Los  Angolos 
13,  California. 
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¥fhkh  comes  First  in  Plastks  —  PRODUCTION  or  DISIGN? 


” Design”  you  say? 

That  seems  easy  enough — until  you 
see  how  production  influences  design, 
here  at  Kurz-Kasch. 

Design  produces  the  mold,  but  the 
mold  must  be  engineered  in  accord* 
ance  with  the  molding  characteristics 
of  the  material  selected,  type  of  pre¬ 
heating  available,  molding  pressures 
to  be  used  and  type  of  finish  desired. 

We  solve  this  ring-around-rosy  by 
laying  every  new  production  problem 
on  the  Kurz-Kasch  Round  Table, 
where  your  procurement  men  and  our 
experts  in  Design,  Mold-Making, 
Molding  and  Finishing  can  all  work 
on  it  together. 

So  there  isn’t  actually  any  "first” 
here.  But  there’s  a  definite  end — pre¬ 
cision-molded  plastic  parts  produced 
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WAR  BOND  PURCHASIS  ARl  ALWAYS  “FIRSTS” — BOUGHT  YOURS  TODAY? 

KURZrKASCH 

For  over  25  years  Planners  and  Molders  in  Plastics 

Kurx-Kasch,  Inc.,  1421  South  Broodway,  Dayton  1,  Ohio 
Branch  Solos  Ollicot;  Now  York  *  Chicago  *  Detroit  *  Indianapolis  *  Los  Angolos  *  Dallas 
St.  Louis  *  Toronto,  Canada.  Export  OHicos:  89  Broad  Stroot,  Now  York  City 
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on  a  dependable  schedule  .  .  .  each 
one  worthy  of  bearing  the  K-K  mold 
mark  that’s  stood  for  the  best  in 
molding  since  the  birth  of  the  plastics 
industry. 

Isn’t  that  the  kind  of  work  you’ll 
want? 


THE  BRIGHT  IDEA  you’ll  want  hatched  tomorrow  ought  to  be 
incubated  today.  Right  now,  let  us  engineer  your  plastics  parts  .  .  . 
make  molds,  if  possible  .  .  .  assure  you  of  that  much  priority  when 
the  production  jam  develops.  Ask  for  a  Kurz-Kasch  representative. 


u:.D<c®ia  URjffi.  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  D.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

f*porf  Ad  Auriema,  89  Broad  5t.,  New  York,  U.  5.  A.  Coble  Aunema,  New  York 


two-way  communication  service  b«. 
tween  wayside  stations  and  loce  mo¬ 
tives  at  distances  of  more  than  100 
miles,  the  use  of  frequency  moc  ula- 
tion  results  in  appreciably  greater 
signal-to-noise  ratios,  better  overall 
signal  quality,  and  reduction  is 
requirements  of  mobile 


power 

transmitting  equipment.  Test.^  of 
f-m  induction  radiotelephone  sys¬ 
tems  have  shown  that  voice  signals 
of  good  intelligibility  may  be  re¬ 
ceived  when  electrical  noise  level  it 
of  such  magnitude  as  to  completely 
over-ride  amplitude-modulated  sig. 


nals  of  equivalent  signal  intensity. 

Equipment  employed  on  locomo¬ 
tives  and  other  mobile  units  usually 
incorporates  transmitters,  receiv- 
ers  and  control  units  similar  in  gen¬ 
eral  design  to  that  used  in  conven¬ 
tional  radio  practice  at  the  lower 
frequencies,  with  the  exception  that 
a  loop  antenna  is  utilized.  In  some 
installations  the  loop  is  located  on 
the  tender  or  another  convenient 
and  electrically-efficient  point. 

ArraagviiiMt  of  lodoefioo 
Eqoipnoot 

The  general  electrical  arrang^ 
ment  of  transmitting  and  receiving 
units  employed  in  induction  radio¬ 
telephone  equipment  of  mobile  type 
is  shown  in  Fig.  6.  Mobile  trans- 


C/T’S  the  FINAL  ANALYSIS  that  tells  the  story  when 
dynamotors  reach  this  test  board.  During  manufacture, 
countless  checks  and  measurements  are  made  of  the 
various  component  parts.  Then,  after  assembly  and 
preliminary  inspection,  each  unit  undergoes  an  extended 
operation  test  on  the  run-in  line.  But  the  dynamotor  must 
still  prove  itself  by  successfully  passing  a  series  of  tests 
which  are  the  basis  of  Eicor  quality  .  .  .  using  the 
finest  test-equipment  obtainable. 

First,  each  unit  is  checked  at  over-voltage  and  overload 
to  establish  a  predetermined  electrical  factor  of  safety. 
This  is  followed  by  a  complete  point-by-point  check  of 
the  dynamotor  and  its  performance,  based  on  EICOR 
design  specifications.  Output,  regulation,  speed,  and 
efficiency,  together  with  other  test  data,  are  carefully 
noted  for  engineering  appraisal. 

specializing,  as  we  do,  in  the  design  ^ 
and  manufacture  of  rotary  electrical 
equipment,  our  extensive  experience 
is  fully  utilized  in  building  the 
world’s  finest  dynamotors  and  motors. 


antenna.  The  signal  energy  in¬ 
duced  on  wayside  wires  is  then  util¬ 
ized  for  communications  purposes, 
attenuation  per  unit  length  of  line 
being  sufficiently  low  to  permit 
maintenance  of  satisfactory  signal- 
to-noise  ratios  at  receiving  loca- 
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Typ*  C'4351  Tharmoslal.  Used 
for  Tube  Worming,  Tube  Cool¬ 
ing,  High  Limit  Controls,  etc. 


Type  ER  Series.  Ambient  Compensated 
Time  Delayed  Relays 


Type  C'7220  Precision  Snap  Switch. 
12  amps.  30  Volts  D.C.,  125  Volts  A.C. 


Type  R-3120  Thermostat  and 
Heater,  Crystal  Dew  Point  Control 


Type  PM  lNAF-1131) 
Circuit  Breaker 


Type  C-2851  Thermostat.  For  such  use  as 
Roughing  Controls  on  Outer  Crystal  Ovens 


If  you  have  a  control  problem — such  as  motor  or  transformer 
overheat  protection,  electrical  circuit  overload  protection,  thermal 
time  delays  or  temperature  control  for  radio  equipment — there’s  a 
Klixon  Snap-Acting  control  that  will  solve  your  particular  control 
problem. 

Small,  compact,  light  in  weight,  Klixon  controls  provide  positive, 
accurate  action  under  all  operating  conditions.  The  simple,  fool¬ 
proof  actuating  element  .  .  .  the  scientifically  calibrated  Spencer 
thermostatic  disc  .-.  .  snaps  to  a  clean  “break”  or  solid  “make". 
And  furthermore,  the  accurate  performance  of  Klixon  Controls  is 
not  affected  by  motion,  vibrafion,  shock  or  altitude. 

Klixon  snap-acting  controls  are 

available  in  many  standard  types,  ^ 

such  as  those  illustrated,  to  fit  ^  T 

most  control  requirements.  Write  ^ 

for  complete  information.  ^^1 


Typo  RT  Thormostot.  Adjustoble 
Tomperoluro  Control 


SPENCER  THERMOSTAT  COMPANY,  ATTLEBORO,  MASS. 
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tions  alonjr  railroad  right  of  ways. 

In  order  to  expand  the  useful 
range  of  induction  radiotelephone 
systems  along  longitudinally-ex. 
tending  lanes  of  trafhc  such  as  rail- 
way  tracks  and  highways,  auto¬ 
matic  f-m  repeater  equipment  has 
been  developed.  A  representative 
repeater  unit  of  this  type  is  illus¬ 
trated  in  Fig.  7  and  8.  This  equip¬ 
ment  includes  an  f-m  receiver  and 
associated  repeater  or  zone  trans¬ 
mitter.  A  carrier-operated  relay 
employed  in  the  receiver  is  utilized 
in  applying  transmitter  plate  power 
during  periods  in  which  carrier  sig¬ 
nal  energy  is  received  from  a  pre¬ 
ceding  repeater,  central  station,  or 
mobile  transmitter.  The  contnJ 
circuits  are  such  that  the  transmit¬ 
ter  may  also  be  locally  controlled 
to  permit  its  use  in  such  wayside 
points  as  signal  towers  and  other 
selected  locations  along  railroad 
right  of  ways. 


RECTIFIERS 
k  869-B 


FOR  HIGH 
VOLTAGE 


MERCURY 
.  VAPOR 


Ropoator  Oporatlea 

Through  the  use  of  automatic  r^ 
peater  systems  of  this  type,  signals 
from  a  mobile  unit  or  wayside 
transmitter  operating  on  a  given 
carrier  frequency  may  be  received 
at  a  repeater  station  and  thence  re¬ 
transmitted  automatically  at  a  sec¬ 
ond  carrier  frequency  to  any  point 
along  extensive  railroad  right  of 
ways.  In  such  repeater  installa¬ 
tions,  the  audio-visual  checking  sys¬ 
tem  is  of  operational  value  in  es¬ 
tablishing  the  integrity  of  the  en¬ 
tire  connecting  network.  A  master 
checking  signal  is  transmitted  from 
the  primary  control  station  and  is 
relayed  along  the  repeater  network 
to  its  termination.  Reception  of  the 
recurrent  checking  signal  in  all 
locomotives  or  other  mobile  units 
provides  aural  as  well  as  visual  in¬ 
dication  of  proper  operation  of  the 
entire  system,  while  the  carrier- 
operated  pulse  lock-out  method  pi^ 
vents 


1.  DOUBLE  AgaiBst  !.•••« 

S.  LARCiBR,  Heavy  -  daty  f^arbaa 
Aaede 

3.  Wlthstaads  High  -  peak  lBvei*se 

Valitages  with  Nm  Are  Hark 

4.  Desigaed  far  ROUGHER  Use — 

Withstaads  Vihratiaa 


MAXIMUM  PIAK  INViRSI  ANODE  VOLTAGE  (IS-IEO  cycles)  =  20,000  veKs. 

Maximum  P«ak  Anoda  Currant  (25-150  cyclas)  =  10  amparaa 
Avaraqa  Anoda  Currant  2.5  amparaa  (In-phosa  lilamant  axdtation) 

FgjRieal  CmmMtimmt  Im  A  Aiagle  Pbace, 

Fall«Ware  Ctremti  (2  tmbmm) 

A.C.  Input  Toltaga,  7070  (RMS  par  tuba) — D.C.  Output  roltaga,  6360 
Maximum  D.C.  Load  currant — 5  amparaa 

A  SjBoUer  Member  of  the  ARPIN  Fomily 

ARPIN  575-A  MERCURY  VAPOR  RECTIFIER 

Two  tabes  lor  taU-wore  rectflicotion  in  siaglo  phase  circuits  deliver  5000  volts 
D.C.  ert  3  amps,  with  good  regulation.  Filament  5  volts.  10  omps.  Peak  plate 
current  I  amps.  Peak  inverse  voltage  15.000  volts.  Fully  guaranteed. 

WRITE  FOm  BETAiLS  OX  THE  575-A 
mnd  ather  ARPf  A  BeetiMert 


interference  between  the 
checking  signals  and  voice  signals 
from  mobile  units  or  secondary  sta¬ 
tions. 


Operotiea  Cob  Slgeel  Lights 

An  adaptation  of  the  signaling 
method  employed  in  the  checking 
system  provides  a  practicable  and 
relatively  simple  means  for  effect¬ 
ing  selective  operation  of  red,  green 
or  amber  lights  within  locomotive 
cabs  when  supplementary  signal  in- 


422  Aldan  Straat 
Oronga,  Naw  Jaraay 
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'kM.  r 


0 


i^'f'  . 


Unique  research,  engineering,  tool 
design  and  production  skills  combine, 
not  only  to  build  control  devices  that 
fulfill  the  most  exacting  requirements, 
but  obo  to  build  special  purpose 
devices  for  which  no  specifications  exist. 
Our  Hst  of  customers,  the  most  exocting 
in  government,  oviation  ond  monu* 
focturing,  attest  to  these  skMs. 

Manufacturers  of 


and  Components . . .  for 
Electric,  Electronic  and 
Mechanical  Applications 


EASTERN  AIR  DEVICES,  INC. 

585  D«an  Street  •  Brooklyn  17,  N.  Y. 

A*  AHIIIaf*  ^§  fNI  PAID  OOAT  CO.,  INC,  Isl.  ItAI 


■  i-’M 


AN  OUTSTANDING  DESIGN! 
VSO  H.P.  CAPACITOR  AAOTOR 

TYPE  J-70 

SEVEN  weeks  from  inquiry  to  delivery  ...  3  weeks  to  engineer 
final  sample  ...  4  weeks  to  production. 

60  Cycles,  1  1 5  Volts  •  Single  ^ 

Phase* 3400  R.P.M.  •  Low  tern-  ! 
perature  rise  •  High  efficiency: 

Diameter  3?/i6"^»  Overall 
length  3\/8^,  Shaft  diameter 
*  is'',  Weight  3  lbs.  Appli¬ 
cations  are  for  driving 
blowers  in  high  ambient 
temperatures  and  for 
powering  small  control 
devices  of  all  types. 


i 


P 
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dications  of  this  type  are  desin  d. 
Audio-frequency  band-pass  filters, 
signal  rectifiers  and  relays  are  con¬ 
nected  with  the  locomotive  receiver 
to  effect  selective  control  of  the  s.g. 
nal  lights,  as  shown  in  Fig.  9,  with 
relay  interconnections  being  gv.ch 
that  failure  of  carrier  signaling  cir¬ 
cuits  will  cause  a  red  light  to  be 
energized. 

In  this  application  of  radio  traf¬ 
fic  control  techniques,  tone  signals 
of  definite  audio  frequency,  corre¬ 
lated  with  and  indicative  of  such 
traffic  control  signals  as  “stop”, 
“proceed”,  and  “caution”,  are  trans¬ 
mitted  to  the  locomotive  cab  by  a 
low-power  wayside  transmitter  with 
an  associated  r-f  transmission  line 
disposed  in  proximity  to  the  track 
for  the  length  of  a  desired  signaling 
zone.  The  control  signals  are  also 
reproduced  by  the  cab  loudspeaker, 
thereby  serving  as  an  aural  aid  and 
supplementary  check  on  the  visual 
control  indication.  Units  of  this 
type  may  prove  to  be  of  particular 
value  on  trackage  leading  to  the 
“hump”  of  classification  yards, 
where  substantially  continuous 
control  indications  are  desirable. 


Disadvaatagcs  of  l■d■ctio■  Rodio 

While  induction  radio  systems 
will  undoubtedly  be  utilized  in  many 
important  railway  services,  there 
are  several  important  factors  to  be 
considered  in  determining  to  what 
extent  this  type  of  signaling  should 
be  employed. 

At  points  on  main  line  trackage 
where  wayside  wires  may  be  buried, 
installed  in  lead-sheathing,  or 
where  wires  run  at  substantial  dis¬ 
tances  from  trackage,  as  in  freight 
yards,  supplementary  wires  must 
be  installed.  While  this  nuiy  be  a 
relatively  inexpensive  matter  in 


yRACnCALLY  omy  intricate  commutating  surface. 

either  flat  or  round,  can  be  obtained  by  Metaplating 
in  the  grooves  of  cm  insulotor.  The  plating  is  brought  up 
flush  with  the  surface  regardless  of  the  depth  of  groove. 


Commutators  having  conductive  surfaces  os  narrow  as 

.005  inch  ore  readily  Meta^ 

plated. 

Our  engineering  depart-  > 

ment  will  gladly  assist  you.  W 


inexpensive 
most  instances,  it  does  involve  some 
complications. 

In  the  event  of  floods  or  severe 
storms,  during  which  wire  lines 
may  be  destroyed  or  damaged  for 
considerable  distances,  the  system 
is  likely  to  be  made  inoperative 
within  the  damaged  area. 

As  in  rail  and  other  carrier  tele¬ 
phone  services,  the  number  of  avail¬ 
able  communications  channels  is 
not  great.  However,  as  the  effec¬ 
tive  signaling  zone  extends  only 
for  a  limited  distance  from  track 
areas,  this  problem  may  not  be  of 
sufficient  magnitude  to  prevent  ex¬ 
tensive  use  of  induction  radio  tech- 


Th#  Slip-Rmg,  illustrated  on  the 
Hght,  shows  how  AAetoploting 
eliminates  a  ticklish  assembly 
{ob.  Close  fitting  Slip-Rings  are 
plated  into  a  one  piece  plastic 
insulator. 


COMPANY 

205  West  19  Street 
New  York  11,  N.  Y. 

Metal  Plating  on  Plastics 


METAPLAST  Process  Patented 
U.  S.  and  Foreign  Patents 
TRADE  MARK  REGISTERED 
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THE  BROWNING  FREQUENCY  METER,  used 
,by  police  and  other  emergency  radio  facilities 
for  the  past  five  years,  is  still  the  best  meter  for 
such  services  —  because  it  was  specifically  de¬ 
signed  for  them.  The  design,  which  permits  de¬ 
termination  of  any  five  frequencies  from  l.S  to 
120  Me.,  makes  for  simplicity  of  operation 
which  requires  less  than  one  minute  to  check 
one  frequency.  All  Browning  development  work 
aims  at  specific,  rather  than  broad,  uses.  Thus, 
all  Browning  equipment  is  best  for  its  particular 
job.  Furthermore,  Browning  Laboratory  facili¬ 
ties  are  available  for  study  and  solution  of  your 
own,  specific  electronic  engineering  problems. 

Write  for  data. 


■Tim 

my 
ere 
I  be 
hat 
)uld 


ied, 
or 
dia* 
ight 
mat 
)e  a 
in 
ome 

vere 

inea 

for 

stem 

itive 

tele- 
vail 
s  is 
‘ffec- 
only 
track 
of 
ex- 


niques,  especially  along  main  liae 
trackage. 


Although  no  one  at  the  present 
time  can  predict  with  any  degree  of 
certainty  the  extent  to  which  any 
of  the  systems  described  above  will 
be  applied  to  railroad  operation,  it 
is  believed  that  comprehensive  tests  | 
now  being  conducted  will  indicate 
to  what  extent  each  of  the  three 
systems  can  best  serve  the  rail¬ 
road  industry. 

It  is  probable,  therefore,  that 
within  the  coming  year  there  will 
be  sufficient  technical  data  and  op¬ 
erational  experience  to  guide  rail¬ 
road  operators  in  properly  evaluat¬ 
ing  the  respective  merits  of  the 
various  systems.  Test  installations 
should  likewise  provide  railroad  op¬ 
erators  with  tangible  evidence  of 
the  extent  to  which  the  various 
train  communications  techniques 
can  increase  the  efficiency  and 
safety  of  rail  operations. 
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ELECTRONIC  COLOR 
RECORDER 


In  two  mlnutos.  this  oloctronic  Instn- 
moot  doos  moro  accurotoly  what  o 
trednod  mon  fonnorly  did  in  two  wesh 
Tho  machino  la  a  recording  spectr» 
photometer,  used  by  RCA  for  testfst 
luminescent  materials  for  cothode^OT 
tubes,  and  produces  o  choracterlitt 
cunre  for  each  Tariotion  of  color 
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TMIGUE  tests 

aependent  on  . 

I^ordarsoM 


Four  of  tlio  Thofdorsofl  2500  Wertt  Ampliflors 
of*  usod  in  Iho  loboratorios  of  tho  Curtiss 
Wright  Corporolion-Fropoiior  Division.  Fo- 
Hguo  analysis  of  Aircraft  compononts  <io> 
monds  continuous  24-hour  o  day  operation. 
Thordorson  amplifiers  serve  continuously  in 
these  unusual  tests,  demonstrating  their 
ability  to  "stand  the  gaff”  under  the  most 
exocting  conditiens. 


ORIGINATORS  OF  TRU-FIDEIITY  AWPIIFIERS 


TRANSFORMER  DIVISION 
TNOROARSON  ElEORK  MF6.C0 

500  W.  HURON  ST..  CHICAGO,  ILL 


FATIGUE  AMPUFIEt 
fOWCR  OUTFUT— 2500  wofh, 
Ian  Ilian  5%  divoftlon.  con- 
tinuoui  duty. 

FREQUENCY  RESPONSE— 
WHMn  db  2db  35  to  1500  CPA. 
(OHiar  fraqwancy  ratponia 
oveilabia  on  tpadol  ordar). 
GAIN— 80  db. 

OUTPUT  IMPEDANCES— 5, 7.5. 
10,  15,  20,  30,  50,  75,  100, 
125,  250  ond  500  obnu 
(Rolory  fwilcb  salaction). 


aking  CLOTH  serve  more  ways 


D  fabrics  .  •  separator 
H  \tarch-f«Red.g'^*^;  \ 

'.r  wo'o  ctoS'-f^twcs.  ' 
REW°**'’Tfr  ^ClOlHS,  \ 
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Cloth  as  woven,  Is  o  structural  6ase  in  or  upon  which  may 
be  built  many  colorings,  finishes  and  coatings. 

Cloth  is  flexible,  has  high  tensile  strength  and  is  very 
durable.  By  special  processing,  cloth  serves  many  pur¬ 
poses.  Combining  cloth  with  plastic  types  of  fillings  and 
coatings  opens  up  many  new  industrial  use  possibilities. 

Our  business  is  specialty  finishing  of  cloth  to  special  needs. 
Our  research  department  is  devoted  to  perfecting  and 
developing  these  processes. 
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NEWS  OF  THE  INDUSTRY 


standard  cells  varying  in  size  and 
weight  from  the  K  (17/32  in.  in 
diameter  by  i  in.  in  height,  weigh¬ 
ing  0.009  lb.)  to  the  number  6  (2i 
in.  in  diameter  by  6  in.  in  height, 
weighing  2.2  lbs.).  Capacity  of  cells 
is  approximately  in  proportion  to 
their  sizes.  Standard  battery  volt¬ 
ages  vary  from  1.6  in  single  cell 
batteries  to  150  or  more  in  series- 
connected  combinations.  Increased 
current  output  is  obtained  by  con¬ 
necting  cells  in  parallel.  Multi-cell 
batteries  may  comprise  various 
sizes  of  cells  connected  for  various 
voltages  and  currents. 

The  number  of  battery  types 
recognized  as  standard  has  grown 
rapidly  in  recent  years.  The  follow¬ 
ing  table  shows  the  growth : 


Conventions  to  come;  London  letter,  record¬ 
ing  high  speed  transients;  notes  on  televi¬ 
sion;  Signal  Corps  commendation  and 
awards;  Soviet  electronics;  postwar  surveys 


[  Tests  and  Standards  for  Dry  Batteries 

By  Dr.  Charles  E.  Skinner 

Senior  Electrical  Engineer 

Fort  Monmouth  Signal  Laboratory 

In  the  early  20’s,  the  Signal 
Corps  of  the  U.S.  Army  entered  into 
a  program  of  testing  for  its  in¬ 
creasing  use  of  batteries  in  com¬ 
munication  equipment.  Specifica¬ 
tions,  following  closely  the  lead  of 
those  adopted  by  other  organiza¬ 
tions,  were  formulated  for  the  pur¬ 
chase  of  batteries  and  a  systematic 
program  of  testing  in  accordance 
with  the  specification  was  initiated. 

This  program  of  testing  revealed 
many  conditions  in  which  battery 
improvement  seemed  possible  and 
studies  were  undertaken  in  the  Sig¬ 
nal  Corps  Laboratories  and  in  coop¬ 
eration  with  battery  manufacturers 
to  secure  these  improvements. 

These  improvements  were  incorpo¬ 
rated  in  revised  specifications  from 
time  to  time  and  provision  made 
for  rewarding  manufacturers  pro¬ 
ducing  the  most  satisfactory  bat¬ 
teries. 

Development  of  standard  test 
methods  and  equipment  has  re¬ 
ceived  much  attention  in  the  Bat¬ 
tery  Branch  at  the  Fort  Monmouth 
Signal  Laboratory.  Every  effort 
has  been  made  to  design  and  build 
such  test  equipment  so  errors  in 
making  tests  are  kept  to  the  prac¬ 
ticable  minimum.  Some  of  this 
testing  equipment  is  illustrated. 

Provision  is  made  for  qualification, 
preproduction,  and  contractual 
tests  in  very  considerable  volumes. 

These  provisions  also  include 
equipment  for  controlled  storage 
temperatures  as  required  by  speci¬ 
fications.  In  addition,  a  large 
volume  of  development  and  re¬ 
search  testing  is  provided  for,  to¬ 
gether  with  elaborate  equipment 
for  simulating  the  climatic  condi¬ 
tions  which  may  be  met  with  in  any 


The  Signal  Corps  Standards 
Agency  (SCSA)  has  prepared 
tables  listing  these  standard  bat¬ 
teries  as  used  with  Signal  Corps 
equipment  and  also  a  list  of  equip¬ 
ment  to  which  each  standard  bat¬ 
tery  is  applied.  Another  table  has 
been  prepared  by  the  Battery 
Branch  giving  essential  data  for 
each  standard  cell,  such  as  overall 


Military  Types 

At  the  present  time  the  Signal 
Corps  has  accepted  17  recognized 


T»it  equipment  used  by  the  Signed  Corp*  General  Development  Laboratories.  Fort 
Monmouth.  N.  I»  includes  this  boy  of  panels  for  checking  several  specific  types 
Atmosphere  is  controlled  to  70  deg  F  cmd  relative  humidity  of  50*70  percent 
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^  The  NEW  C-200 

SECONDARY  STANDARD 


:  LAVOIE  CALIBRATOR 


Establishes  Frequencies  at  UHF 

with  QUARTZ  CRYSTAL  Accuracy 


*  Designed  especially  lor  calibrating  with  crystal  accuracy  up  to  and 

beyond  2000  megacycles. 

*  Provides  more  usable  output  at  higher  frequencies*. 

*  Affords  FAST,  EASY  calibration. 

*  Especially  suited  for  wovemeters,  signal  generators,  oscillators. 

receivers,  etc. 

*  Transmission  line  output.  Detector  unit  built  into  calibrator. 

Write  for  detailed  Information, 

RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE,  N.  J. 


Specialists  in  the  Development  of  UHF  Equipment 
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ELECTRONIC  USES 


manmm 


YOU  CAN  RELY  ON 


ROUND  AND  FLAT 


CLIPS 


HOOKS 


BENDS 


WIRE  SPRINGS 


LIGHT  STAMPINGS 


^  The  elecfronics-radio  industry  makes  severe  demands  on  the 
talents  of  any  spring  producer.  Reliable  has  abundant  experience 
in  supplying  all  types  of  springs  of  extreme  precision  for  builders 
of  aircraft  and  aircraft  equipment,  and  also  for  various  electrical 
devices.  Reliable  is  well  equipped  to  furnish  springs  to  exact 
engineering  specifications,  for  communication,  broadcasting,  and  receiving 
apparatus,  as  well  as  control  and  ranging  equipment,  and  for  all  industrial 
applications  of  electronic  devices.  The  physical  and  electrical  requirements  of 
our  products  are  held  within  narrow  limits. 

We  believe  that  Reliable's  superior  standards  of  craftsmanship  are  extremely 
important  to  those  who  use  springs  in  electrically  operated  equipment — and 
that  by  the  use  of  our  springs  you  assure,  in  your  products,  better  service  and 
performance. 


CoHsulf  with  ut  OH  your  roqolromoHts.  Rollablo  Catalog  No.  44  sappllod  on  request, 


THE  RELIABLE  SPRING  &  WIRE  FORMS  CO 

3U7  r.ltM  U.,  Clmlaii.  f,  Ofcl. 


RcpreMutoflyct  ia  Principal  Citloi 
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FOR  30  YEARS 


Xhis  giant  speaker  was  a  Magnavox  devel¬ 
opment  of  twenty  years  ago ...  an  early  example 
of  the  pioneering  by  which  Magnavox  has  pro¬ 
duced  so  many  outstanding  contributions  to 
the  radio  industry.  Among  those  contributions 


Magnavox  has  made 

ELECTRONIC  HISTORY 


LOUD  SPEAKERS  •  CAPACITORS  •  SOLENOIDS 
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was  the  electro -dynamic  speaker,  the  “voice” 
of  all  modem  electronic  sound  reproduction. 

Present  wartime  experience  will  enable 
Magnavox  to  serve  the  peacetime  needs  of  the 
radio  industry  even  better  than  before.  With 
stepped-up  efficiency  and  the  excellent  facili¬ 
ties  of  the  modem  six -acre  plant,  Magnavox 
will  again  supply  components  for  radio  manu¬ 
facturers,  and  will  figure  prominently  in  the 


Largest  loud  speaker  ever  built  — heard  9  miles.  Built  for  Idora 
Amusement  Park,  Oakland,  Cal.,  in  1922.  Standing  in  the  speaker 
is  E.  S.  Pridham,  now  a  vice-president,  one  of  the  founders  of 
Magnavox,  and  co-inventor  of  the  electro-dynamic  speaker. 

coming  peacetime  developments  of  electronics. 
The  Magnavox  Company,  Fort  Wayne  4,  Ind. 

Magnavox  craftsmanship  won  the  first  “E” 
award  in  this  field  (1941),  now  with 
3  White  Star  Renewal  Citations. 


COMMUNICATION  &  ELECTRONIC  EQUIPMENT 


£ 


ANNOUNCING  BULLETIN  NO.  143 

Every  engineer  in  the  electronic  field  will  appreciate  the 
concise  method  in  which  the  Electrical  and  Mechanical  properties 
together  with  the  design  and  dimensions  of  AlSiMag 
High  Frequency  Insulators  have  been  arranged  and  tabulated  for 
easy  and  quick  reference  in  new  Bulletin  No.  143. 

The  AlSiMag  insulators  described  are  those  most  commonly  used  in  high 
frequency  applications.  Deliveries  can  now  be  made  within  a  reasonable  period. 

AMtRICAM  lAVA  CORPORATION 


Note:  When  requesting  cepiet 
please  inclstde  name  and  position 
of  others  in  your  organization  to 
whom  we  should  send  Bulletin 
No.  J43  so  that  you  may  retain 
your  ossm  copy. 


The  insulators  described  in 
Bulletin  No.  143  represent  only 
a  small  portion  of  our  output. 
Specially  made  insulators  to 
customer’s  specifications  are 
our  principal  products.  Our 
Engineering  Staff  will  be  glad 
to  cooperate  on  your  designs. 


>ga  5,T«nn«ss«« 
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TYPE  A^O.  6AMO 

SELF-LOCKING 

naum 


Tlae  new  Type  6NAO  Self  •Locking  Palnut 
mmy  be  bsed  as  a  one-piece  locknut  to 
•ecnreljr  fasten  parts — or  as  an  adjusting 
nut  to  maintain  accurate  settings  any¬ 
where  on  the  screw.  (See  typical  uses 
herewith.) 

When  used  as  a  fastening,  the  full  triple 
grip  is  utilized  to  keep  parts  tight  under 
▼ibration,  without  need  of  lockwashers. 
When  used  as  an  adjusting  nut,  the  third 
gripping  action  (3-3)  locks  it  firmly  in 
position. 

Type  6NAO  Palnnts  are  single  thread 
locknuts,  made  of  tempered  spring  steel. 
Light  in  weight,  low  in  cost,  easily, 
speedily  applied.  Send  details  of  your 
assembly  for  samples  and  suggestions. 
Write  for  new  data  sheet  and  copy  of 
Palnut  Manual  No.  2,  giving  information 
on  all  types  of  Self -Locking  Palnnts. 

THE  PALNUT  COMPANY 


When  the  Type  6NA0  Palnut  is  tight¬ 
ened,  its  arched,  slotted  jaws  grip  the 
bolt  like  a  chuck  (1-1),  while  spring 
tension  is  exerted  upward  on  the  bolt 
threads  and  downward  on  the  part  (2-2) , 
securely  locking  both.  A  third  grip  is 
exerted  around  the  top  of  the  bolt  by 
spring  tension  at  3-3. 


As  adjiittisg 


M  caatact  twHch. 


77  CORDIER  ST. 


IRVINGTON  11.  N.  J. 


As  fastaaiaa  ta 


slactrlaal  taradaals. 


Self-Locking  PR  111  UTS 


the  adoption  of  standard  proc.  d- 
ures  and  materials  for  moisture¬ 
proofing 'assemblies  and  jackets  of 
dry  batteries  to  meet  the  severe 
climatic  conditions  prevailing  in 
tropical  areas.  This  treatment, 
now  generally  followed  by  battery 
manufacturers,  consists  of  impreg- 
nating  and  coating  assembly  mr.te- 
rials  and  jackets  with  a  suitable 
moisture  resistant  wax. 

A  standard  packaging  specifica¬ 
tion  has  been  formulated  under  di¬ 
rection  of  the  Signal  Corps  Storage 
and  Issue  Agency  in  Philadelphia 
and  is  now  generally  followed  by 
manufacturers.  This  specification 


ZZ.ZZZ,Z 

fttniiM 


Rear  view  of  tMl  Ml  Ulostratod  shows 
how  Intorchcmgooblo  roslstor  bonki 

plug  In  on  banana-pin  boso  mount 

requires  that  batteries  be  packaged 
in  vapor  proof  bags  which  give  pro¬ 
tection  from  moisture  and  fungus 
during  shipment  and  in  storage. 
These  steps  are  expected  to  be 
effective  in  protection  during  ship¬ 
ment,  storage,  and  service  regard¬ 
less  of  the  area  in  which  batteries 
are  to  be  used. 

Practical  Benefits 

Benefits  which  accrue  from  the 
program  of  testing,  specification 
writing,  and  standardization  are 
many,  among  which  are  the  fol¬ 
lowing  : 

(a)  Procurement  of  batteries 
for  Signal  (Dorps  use  is  restricted 
to  a  reasonable  number  of  stand¬ 
ards. 

(b)  Very  large  numbers  of  the 
major  types  are  ordered  and  used, 
permitting  continuous-quality 
manufacture  on  assembly  lines  in 
the  most  efficient  manner  possible. 

(c)  Various  services  utilize  the 


Finol  f*tf — Rmmhr  morin*  amplified 
sound  transmitting  equipment. 

ReMLER  is  equipped  with  facilities  for  the  mass  pro* 
duction  of  complete  announcing  and  amplified  sound  trans¬ 
mitting  equipment;  radio;  plugs  and  connectors.  Skilled 
technicians  and  vigilant  inspectors  check  and  re-check  final 
products  to  meet  rigid  specifications.  The  facilities  of  this  or¬ 
ganization  backed  by  twenty-five  years  of  experience  in  the 
manufacture  of  electronic  products  and  plastics,  is  at  your 
disposal  for  further  assignments. 

lEIILEB  COMPANY,  LTD.  •  2101  Bryant  St.  •  San  Francisco,  10,  CallL 


REMLER 

SINCE  1918 

"(fnnouncin^  &  (Communication  ^^uipmcnt 
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AC  SENSITIVE  RELAYS... 
WITH  DC  PERFORMANCE 

The  conventional  AC  relay  of  shaded 

pole  construction  has  two  limitations. 

(1)  Us  power  sensitivity  is  only  a  small  frac* 
tion  of  that  afforded  by  the  same  relay 
operated  on  DC. 

(2)  it  cannot  be  successfully  operated  on  a 
gradually  variable  voltage  or  current  with¬ 
out  passing  through  states  of  instability 
and  chattering.  This  limits  its  usefulness 
to  circuits  in  which  the  input  is  sharply 
changed  from  one  level  to  another  and 
rules  it  out  for  sensitive  control  on  con¬ 
tinuously  variable  AC. 


SIGAAA  has  perfected  a  complete  unit  which  is  an  adap¬ 
tation  of  most  SIGAAA  Sensitive  relays  to  AC  operation 
with  neither  of  the  above  disadvantages,  by  incorporating 
within  the  relay  housing  a  midget  selenium  rectifier  of 
the  full  wave  type,  with  or  without  a  filter  condenser 
as  circumstances  dictate.  Operation  is  attained  on  con¬ 
tinuously  variable  AC  with  no  instability  or  chatter,  and 
at  practically  the  same  power  sensitivity  afforded  on 
DC.  Unit  is  more  compact  and  saves  space. 


Suggested  Operating  Ranges: 
higher  voltages  may  be  used  with 
series  resistors  mounted  with  the  relay 
enclosure. 

Type  4  MBR  Type  5  MBR 

4.0—12.0  volts  4.0—12.0  volts 

5.0 — 35.0  ma.  0.5 — 10.0  ma. 


SjgjnaInsl;rDinents,iii[c. 

RELAYS 


62  CEYLON  STREET 
BOSTON  20,  MASS, 


same  standards,  permitting  simpli¬ 
fication  of  placing  orders  by  one 
agency  for  all  requirements. 

(d)  As  a  result  of  the  intensive 
program  of  testing,  research,  and 
standardization,  there  has  been  a 
marked  improvement  in  quality  and 
performance  of  batteries. 

(e)  Groundwork  has  been  laid 
for  further  advances  and  modifica¬ 
tions  as  may  be  required  for  batter¬ 
ies  for  use  in  tropical  and  arctic 
areas.  Already  improvements  along 
these  lines  are  well  under  way. 

(f)  Stock  keeping  and  issue  of 
batteries  is  simplified  in  depots 
and  using  areas. 

(g)  A  mass  of  technical  data  and 
experience  has  accumulated,  pro¬ 
viding  a  more  definite  and  scientific 
approach  to  the  application  of  bat¬ 
teries  for  services  of  all  kinds. 

The  accomplishment  of  this 
standardization  under  the  direction 
of  SeSA  has  included  the  utiliza¬ 
tion  of  much  previous  work  done 
by  such  organizations  as  the  Na¬ 
tional  Bureau  of  Standards  and 


Betides  mitcellaneout  tools  and  trans¬ 
ceiver  handset,  case  CS-79  contains 
batteries  BA-39  and  BA-40.  Unit  is 
power  source  for  radio  set  SCB-509 


Augus/  1944  — ELECTRONICS 


CHECKS.  A  CIRCUIT  A  SECOND! 

Th«  accuraf*,  automatic  Rotobridga  it  on  a  24>hour  tchadula  in  many 
plants,  chocking  all  typos  of  oloctronic  oquipmont  for  wiring  orrort,  for 
rosittanco  and  raactanco  valuot.  Robot-liko,  tho  Rotobridga  doot  your  bid¬ 
ding — oxactlyi  Want  a  10%  rosittanco  toloranco  horo7  A  25%  capacity 
toloranco  thoro?  You  got  it  with  tho  Rotobridga— at  you  want  it — and  no 
mittakol  And  whan  tho  Rotobridga  spots  an  orror,  thoro's  no  mistako  about 
that  aithor.  Tho  instant  a  dofoct  it  dotoctod,  tho  Rotobridga  stops  dead — 
winks  a  warning  rod  oyo  until  its  human  co-workor  records  tho  number  of  tho 
dofoctivo  circuit  on  tho  inspection  tag  and  puthot  tho  go  ahead  button. 

Vigilant  and  vorsatilol  Rotobridga  answers  to  both  descriptions.  You  can 
put  it  to  work  on  sovoral  small  tub-attombliot  or  on  a  complete  sot,  involving 
at  many  at  120  circuits.  If  you're  confronted  with  tho  problem  of  inspecting 
a  30  or  40  tube  oquipmont,  you  can  put  two  or  throe  of  those  tirolou  robots 
to  work  simultaneously.  In  five  minutes — they  will  chock  tho  oquipmont 
over  for  you! 

Totting  of  comploi  cable  harnott  and  transformers  it  alto  counted  among 
tho  varied  applications  of  tho  Rotobridga.  Write  for  complete  details  on 
this  and  other  C.  M.  L.  testing  equipment. 


COMMUNICATION  MEASUREMENTS  LABORATORY 

120  GREENWICH  STREET,  NEW  YORK  6,  N.  Y. 


The  American  Standards  Associa* 
tion.  It  has  also  been  aided  by 
efforts  of  the  battery  manufactur¬ 
ers  and  by  personnel  of  the  armt  d 
forces. 

Before  the  issuance  of  the  speci¬ 
fication  it  had  been  customary  to 
design  each  type  of  battery  to  the 
equipment  with  which  it  was  to  be 
used.  Current  practice  is  to  design 
the  equipment  to  use  an  approved 
Signal  Corps  type  battery.  Signal 
Corps  dry  batteries  are  not  stand¬ 
ardized  for  general  Signal  Corps 
use  but  rather  for  use  with  indi¬ 
vidual  equipment.  The  Standards 
Agency  is  charged  with  approval 
of  batteries  for  each  particular  use 
intended  and  manufacturers  may 
not  use  other  batteries  than  those 
so  approved. 


Prosperity  Among 
Broadcasters 

On  the  first  anniversary  of  ef¬ 
fectuation  of  FCC  chain  broadcast¬ 
ing  regulations,  Chairman  James 
L.  Fly  announced  that  broadcasting 
stations  as  a  whole  earned  60  per¬ 
cent  more,  before  income  taxes,  in 
1043  than  in  1942. 

Specifically,  NBC’s  earnings 
went  up  from  137  to  190  percent  of 
the  value  of  its  property,  CBS  from 
97  to  158  percent.  Blue  from  8  per¬ 
cent  to  149,  and  Mutual  59  to  84 
percent. 

For  1943,  723  stations  reported 
income,  while  73  reported  losses. 
Total  income  was  $46,850,189, 
while  total  losses  were  $368,792. 


Research  for  Communica¬ 
tions  and  Radar  Leadership 

Continuous  research  is  an  activ¬ 
ity  which  is  keeping  this  country  in 
the  lead  in  military  electronics,  ac¬ 
cording  to  Major  General  Harry  C. 
Ingles,  Chief  Sigrnal  Officer,  who  ap¬ 
peared  before  a  House  Committee 
to  discuss  his  1945  budget. 

The  $50,000,000  requested  was 
characterized  as  essential  to  devel¬ 
opment  work  on  low-  and  high-level 
blind  bombing,  blind  landing,  other 
air  navigational  equipment,  control 
equipment  for  guided  missiles, 
radio  counter-measure  equipment, 
radio  relay  systems  and  equip¬ 
ment  for  front  line  use. 

He  described  American  signal 
equipment  as  the  equal  of  German 
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A  BASICALLY  BETTER 


A  development  of  Bendix  Radio*  Creative  Engineer¬ 
ing,  this  new  antenna  insulator  effectively  removes 
the  dangers  attendant  on  loosening  of  corona 
shields.  The  shields  cannot  come  loose  because  they 
are  plated  directly  on  the  ceramic — so  insolubly 
bonded  as  to  make  a  single  unit  of  ceramic  and 
metal.  Careful  manufacturing  processes  provide  a 
clean,  point  free  edge  on  the  metal  shield  to  further 
reduce  the  tendency  of  corona  discharge. 


The  result?  Well,  tested  in  a  pressure  chamber 
duplicating  40,000  feet  altitude  the  Bendix  Insu¬ 
lator  forced  a  spark  jump  of  10  inches  between  the 
transmitter  and  chamber  wall  without  allowing 
current  to  cross  the  insulator. 

Baffle-designed  to  reduce  flashover — and  tested  to 
500  lbs.  tensile  strength — this  performance-proved 
Bendix  development  is  now  available  for  general 

use.  *TI*0C-I1MI(  OF  OEMOII  AVUTIOM  COOFOOOTWN 


Bendi 


X 


^  1  1  \Jk  1  /V  RADIO  DIVISION 

BENDIX  AVIATION  CORPORATION  •  TOWSON,  MARYLAND 

TANDARD  FOR  THE  AVIATION  INDUSTRY 
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apparatus  in  every  way  and  far 
superior  to  Japanese.  He  said 
American  radar  is  better  than  that 
of  Germany. 

Savings  during  the  next  fiscal 
year  have  been  made  possible  by 
contract  terminations  and  price  re¬ 
negotiations  and  savings.  He  ob¬ 
served  that  signal  equipment  prices 
have  been  reduced  approximately  16 
percent.  Quantity  production  and 
increased  experience  among  manu¬ 
facturers  were  credited.  Price  esti¬ 
mates  are  being  made  more  accur¬ 
ately  by  the  Signal  Corps,  too,  he 
said. 

One  type  of  combat  radio  had 
been  reduced  from  $6,370  to  $3,729 
while  one  piece  of  radar  equipment, 
after  having  been  built  in  consider¬ 
able  number,  was  cut  from  $40,000 
to  $20,000,  Component  prices  have 
been  similarly  reduced. 


American  Transmission 
to  Europe 

Radio  activities  of  the  Psychologi¬ 
cal  Warfare  Branch  of  OWI  in¬ 
clude  the  establishment  and  opera¬ 
tion  of  radio  facilities  to  spread 
our  messages  on  the  continent  of 
Europe. 

Four  50-kw  medium-wave  trans¬ 
mitters  and  at  least  four  powerful 
shortwave  transmitters  are  beamed 
to  the  Continent  from  points  in 
America,  England,  North  Africa, 
and  Italy. 

Thus,  reception  is  practically  as¬ 
sured  for  any  listener  with  a  short 
or  medium-wave  receiver  in  any 
part  of  Europe.  Additional  trans¬ 
mitters  are  in  readiness  for  instal¬ 
lation  on  the  Continent. 

No  listener  surveys  have  been 
made,  but  indication  of  effectiv^ 
ness  is  given  by  the  fact  that  orig¬ 
inally  severe  penalties  for  listening 
have  been  made  even  most  drastic 
by  German  occupation  authorities. 


Permoflux  Means  T^ogress! 

When  Permoflux  Engineers  began  developing 
wartime  designs  for  acoustical  communica¬ 
tions  equipment,  old  concepts  of  efficiency 
stood  only  as  relative  measures  for  improve¬ 
ment.  Permoflux  contributions,  by  more  than 
meeting  anticipated  requirements,  have 
achieved  new  performance  standards  of  far 
reaching  importance.  The  value  of  these 
developments  will  be  reflected  in  Permoflux 
products  of  the  future. 

.  BUY  WAR  BONDS  FOR  VICTORY! 


Conventions  to  Come 

Aug.  29-Sept.  1.  Pacific  Coast 
Technical  Meeting,  Los  Angeles, 
Calif.  American  Institute  of  Elec¬ 
trical  Engineers,  H.  H.  Henline, 
secretary,  29  West  39  St.,  New 
York  18,  N.  Y. 

Sept.  18-20.  Eleventh  Annual  Na¬ 
tional  Conference,  Toledo,  Ohio. 
Associated  Police  Communication 


PERMOFLUX  CORPORATION 
4916-22  W.  Grand  Ave.,  Chicago  39,  III. 

PIONtIR  MANUFACTURIRS  OF  PERMANENT*  MAGNCT  DYNAMIC  TRANSDUCERS 
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They  found  what  they  wanted  in 
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made  of  INCO  Nickel  Alloys 
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Today,  metal  mesh  knit  fromiNCO  Nickel  Alloys 
does  all  these  varied  jobs. 

Tomorrow?  Perhaps  it’s  the  answer  to  an 
electronic  problem  now  on  your  drafting  board. 

For  Knit  Metal  Mesh,  product  of  the  Metal 
Textile  Corp.,  Orange,  N.J.,  has  many  properties 
that  point  to  its  wide  future  use  in  electronics. 

Knit  from  Monel,  Nickel  or  Inconel,  it  is  rust¬ 
less  corrosion-resistant,  toug^,  strong,  able  to 
withstand  high  temperatures.  In  addition,  its 
special  linked-Ioop  design  is  flexible,  highly  re¬ 
sistant  to  breakage,  unusually  strong  on  the  bias. 
It  offers,  for  instance,  a  firm  fabric  for  grids  be¬ 
cause  the  linked  loops  allow  normal  expansion 
when  the  grid  is  heated,  and  return  the  fabric  to 
its  original  shape  as  the  grid  cools. 

The  knit  fabric  holds  together  even  when 
made  of  very  fine  wire  (.0045  diameter),  and 
with  as  few  as  4  or  5  openings  to  the  inch. 

For  further  information  about  mesh  knit  from 
the  Inco  Nickel  Alloys... and  for  other  tech¬ 
nical  service  on  metal  problems... address: 
The  International  Nickel  Company,  Inc.,  67 
Wall  Street,  New  York  5,  N.  Y. 


NDCI^IIL 


AI.L©VS 


Officers,  Sgt.  C.  H.  Knudel,  chair¬ 
man,  720  Jefferson  Ave.,  Toledo  2, 
Ohio. 


!  Division  First  Industrial  Corp.  _ 

400  STUART  STREET,  BOSTON  17,  MASS 


Insulation  Failures 


WITH  THE  HOLTZER-CABOT 

Electronic 

INSULATION  RESISTANCE  TESTER 


Protect  your  electrical  equipment  from  possible  insulation  failures 
by  making  periodic  tests  with  the  Holtzer-Cabot  insulation  re¬ 
sistance  tester.  A  self-contained,  portable  unit  weighing  only 
3  lbs.,  it  is  always  ready  to  use  in  the  plant,  laboratory  or  field. 
The  hand  crank  generator  delivers  500  volts  D.C.  testing  voltage 
. . .  eliminates  batteries  and  external  power  supply.  Two  indicator 
buttons  light  up  when  generator  is  delivering  correct  testing 
voltage.  Electronic  voltage  regulation  assures  uniform  testing 
voltage  over  a  wide  range  of  cranking  speeds.  Guard  circuit 
eliminates  surface  leakage  from  affecting  measurements.  Wide 
range  ...0  to  100  megohms.  Scale  is  spaced  for  easy  reading. 

Get  the  complete  story  on  Holtzer-Cabot  insulation 

resistance  tester.  Write  for  bulletin  today. 


Oct.  2-5.  Forty-Ninth  Annual  meet¬ 
ing,  Boston,  Mass.  Intemationrl 
Municipal  Signal  Associatioi , 
Irwin  Shulsinger,  secretary,  8 
East  41  St.,  New  York,  N.  Y. 


Oct.  5-7.  National  Electronics 
Conference,  Chicago,  Ill.  B.  Dud¬ 
ley,  secretary,  520  N.  Michigan 
Ave.,  Chicago,  Ill. 


Oct.  12-14.  Fall  Meeting,  Buffalo, 
N.  Y.  Electrochemical  Society, 
Colin  G.  Fink,  secretary,  Columbia 
University,  New  York  27,  N.  Y. 


Oct.  16-18.  Fifty-Sixth  Semi-An¬ 
nual  Fall  Conference,  New  York, 
N.  Y.  Society  of  Motion  Picture 
Engineers,  W.  C.  Kunzmann,  vice 
president.  Hotel  Pennsylvania, 
New  York,  N.  Y. 


Oct.  16-19.  Twenty-Fifth  Annual 
Meeting,  Cleveland,  Ohio.  Ameri¬ 
can  Welding  Society,  M,  M.  Kelly, 
secretary,  33  West  39  St.,  New 
York  18,  N.  Y. 


Oct.  19-21.  Electronic  Parts  and 
Equipment  Industry  Conference, 
Chicago,  Ill.  Association  of  Elec¬ 
tronic  Parts  and  Equipment 
Manufacturers;  Eastern  Div., 
Sales  Managers  Club;  and  Na¬ 
tional  Electronics  Distributors 
Association.  H.  W.  Clough,  chair¬ 
man,  PO  Box  6070-A,  Chicago  80, 
Ill. 


Nov.  2-3.  National  Time  and  Mo¬ 
tion  Study  Clinic,  Chicago,  Ill. 
Industrial  Management  Society. 
C.  S.  Becker,  vice  president,  205 
West  Wacker  Drive,  Chicago  6,  Ill. 


Nov.  13-14.  Annual  Receiver-  and 
Tube-design  Meeting,  Rochester, 
N.  Y.  Radio  Manufacturers  Asso¬ 
ciation  and  Institute  of  Radio 
Engineers;  Bond  Geddes,  secre¬ 
tary  RMA,  1317  F  St.  N.W.,  Wash¬ 
ington,  D.  C.;  Haraden  Pratt, 
secretary  IRE,  330  West  42  St, 
New  York  18,  N.  Y. 


Signal  Corps  Is  Pleased 


Nothing  has  been  more  striking 
than  the  achievement  of  the  elec¬ 
tronic  design  and  manufacturing 
groups,  in  the  opinion  of  Major 
General  William  H.  Harrison,  chief 
of  the  Procurement  and  Distribu- 
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It  isn’t  too  soon  to  plan.  And  in  planning,  take  into  considera¬ 
tion  the  importance  of  the  air  condenser.  Recall  how  very 
much  our  armed  forces  today  depend  upon  communication 
sets,  and  the  necessity  of  accurate  tuning  to  get  every  mes¬ 
sage  distinctly.  It  is  significant  that  variable  air  condensers  of 
Radio  Condenser  Company  are  used  by  our  armed  forces. 
Why  wouldn’t  they  continue  to  be  a  good  bet  after  the  war? 
Plan  — and  use  — our  air  condensers  and  push  button  tuning 
devices  in  your  post-war  manufacture  of  radios. 


CAMDEN,  N.  J 


RADIO  CONDENSER  CO.  LTD.,  TORONTO,  CAN 
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2833  13th  Ave.  S.,  Minneapolis/  Minn 


tion  Service  of  the  Sigrnal  Corps. 
He  was  conveying  the  thanks  of  the 
organization  to  the  industry  in  a 
talk  before  RMA  in  Chicago  re¬ 
cently. 

In  addition  to  creating  a  situa¬ 
tion  where  our  invasion  forces  have 
lacked  no  essential  signal  equip, 
ment,  the  industry  is  credited  vvith 
supplying  complete  equipment  for 
French  and  Italian  units.  He  sub- 
stantiated  the  belief  that  all  of  this 
equipment  outstripped  that  of  the 
enemy  in  dependability,  flexibility, 
range,  and  general  performance. 


•  •  •  CIS  Irlipi 

as  the  circuit 


Electronic  Production  Off 

WPB  ANNOUNCES  that  Communica¬ 
tion  and  electronic  equipment  fell  1 
percent  below  the  level  of  March 
production  during  April  and  was  3 
percent  behind  schedule.  Radio,  a 
declining  program,  fell  5  percent 
short, 


Airborne  equipment,  a  ris¬ 
ing  program,  was  6  percent  behind 
and  ship  communication  and  elec¬ 
tronic  equipment  was  4  percent  off, 
while  ground  equipment  was  1  per¬ 
cent  ahead. 


LOISDON  NEWS  LETTER 

By  John  H.  Jupe 

London  Correspondent 

Recording  High  Speed  Transients. 
At  a  lecture  recently  delivered 
before  the  Association  for  Scien¬ 
tific  Photography  some  interest¬ 
ing  data  was  disclosed,  together 
with  records  taken  from  a  cro 
screen  at  frequencies  up  to  41  Me. 
In  this  case  the  maximum  writing 
speed  was  3,800  km  per  sec — 1/80 
the  speed  of  light — yet  the  record 
was  quite  clear  and  occupied 
about  8  complete  cycles. 

The  lenses  used  were  a  2-in. 
focus  with  an  aperture  of  //1.9, 
and  a  series  of.  1-in.  focus,  with 
apertures  ranging  from  //1.9  to 
//1.4  There  was  also  a  special 
lens  constructed  by  Taylor,  Taylor 
and  Hobson  for  the  Kodak  re¬ 
search  department  with  a  21-in. 
focus  and  an  aperture  of  //I. 

In  the  opinion  of  W.  Nethercot, 
who  conducted  the  work  for  the 
Electrical  Research  Association, 
the  fastest  films  were  orthochro- 
matic,  Kodak  R.66  or  Ilford  5.G.91. 
The  very  slight  increase  in  speed 
obtained  by  using  panchromatic 
emulsions  was  not  judged  to  out- 


•  Practical  filter  designs  involve  important  compromises 
between  several  related  factors  if  physical  specifications 
ond  attenuation  characteristics  are  to  be  achieved  for 


predetermined  circuit  requirements.  The  overall  performance 
of  any  design  depends  largely  upon  the  carefulness  and 
accuracy  with  which  these  considerations  are  carried  out. 

Behind  every  ADC  Filter  stands  years  of  practical  design 
experience — the  type  of  knowledge  that  makes  it  possible 
to  turn  out  filters  for  the  most  exacting  service  applications. 
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OUTSTANDING  TUBE  SOCKET  PERFORMANCE  DIRECT 
RESULT  OF  MICRO-PROCESSED  BERYLLIUM  COPPER 


Instrument  Specialties  is  producingr  in 
large  quantities  a  new  tube  socket  con¬ 
tact  which  assures  uniform,  constant 
pressure  on  the  tube  pins  under  condi¬ 
tions  of  extreme  vibration  and  tem¬ 
perature,  This  contact  was  designed 
to  take  full  advantage  of  beryllium 
copper,  permitting  intricate  forming 
prior  to  heat  treatment,  and  SELEC¬ 
TIVE  HARDENING,  a  new  heat  treat¬ 
ing  technique.  The  spring  end  of  the 
contact  is  hardened  to  a  tensile 
strength  of  180,000  lb.  per  sq.  in. 
(Rockwell  15N-80)  for  maximum  sta¬ 
bility,  and  the  tab  end  is  heat  treated 
to  60,000  lb.  per  sq.  in.  (Rockwell 
15N-40)  for  ductility  and  ease  of  sol¬ 
dering  leads. 

These  micro-processed  beryllium 
copper  contacts  have  maximum  vibra¬ 
tion  stability,  minimum  drift  under 


Micro-Processed  Berylliuin  Copper 
Has  Highest  Condictivity  Of  all 
Spring  Materials 


r 


ELEC.  COOUCTIVITY 


PHOSPHOR  BRONZE 

NICKEL  SILVER 

w'.'vw-Macnm 
KRVLUUM  COPPER 

tSTAINUSS  STEa 

CARSON  STEEL 

L  ' 


Before  heat  treatment,  the  conductiv¬ 
ity  of  Beryllium  Copper  is  the  same  as 
phosphor  bronze.  Conductivity  in¬ 
creases  during  heat  treatment,  and  re¬ 
sponse  varies  with  each  lot  of  material. 
Micro-processing  is  the  only  sure  way 
of  obtaining  the  value  shown  above,  and 
at  the  same  time  reaching  maximum 
overall  spring  properties.  Still  higher 
conductivity  values  are  obtainable  at 
some  sacrifice  in  other  properties. 


load,  and  high  conductivity,  giving  low 
electrical  losses. 

The  entire  socket,  produced  by  H.  H. 
Eby,  Inc.,  Philadelphia,  was  made  to 
specifications  and  designs  of  the  Signal 
Corps  Laboratory,  Ft.  Monmouth,  N.  J. 


BRUSH  SPRINGS  WITHOUT  SHUNTS 
SAVE  UP  TO  30%  ON  ASSEMBLIES 

Beryllium  Copper*"P, 

•with  its  high  conduc¬ 
tivity  (see  chart)  and 
ability  to  stand  100  *F 
higher  working  tem¬ 
perature,  plus  closer 
tolerances  on  the  ID 
has  eliminated  the 
need  for  pigtails  on 
brush  springs  in  many 
<  light  duty  applica¬ 
tions.  I-S  unshunted 
brush  springs  are  far 
i  easier  to  assemble, 
give  longer  service  life 
at  peak  loads,  and  as- 
!  sure  constant,  even 
pressure  at  all  times. 

Send  drawings  to  I-S 
'  or  write  for  I-S  brush 
I  spring  data  sheet. 


One  order  for  1,250,000  contact  coil 
springs  is  being  micro-processed  by  I-S 
at  the  rate  of  250,000  per  week. 


WHAT  DOES  200,000  LB.  PER  SQ.  IN. 
TENSILE  STRENGTH  MEAN  IN  SPRING 
PERFORMANCE? 

The  higher  strength  of  Certified  “Sil- 
vercote”  Beryllium  Copper  wire  used 
in  I-S  coil  springs  allows  a  25%  in¬ 
crease  in  design  stress  over  ASTM 
spec,  wire.  This  makes  it  possible  to 
design  a  satisfactory  spring  in  a 
smaller  space,  and  also  greatly  in¬ 
creases  life  under  endurance  service. 
Resistance  to  drift  is  increased  5  to  20 
times,  an  important  advantage  in  a  va¬ 
riety  of  every-day  spring  applications. 


LITERATURE 


DO  YOU  HAVE  ON  FILE? 
Recent  technical  article  by  Sheldon 
Klock,  I-S  Field  engineer,  points  out 
contributions  of  Micro-processing  in 
improving  performance  of  electronic 
equipment,  and  accomplishing  results 
impossible  with  conventional  spring 
materials.  Write  for  your  copy  today. 


FROM  THE  I-S  LABORATORY 


Cleaning  Beryllium  Copper  Springs 
in  Preparation  for  Soldering  and 
Electro -Plating 

Two  standard  cleaning  methods  that 
give  excellent  results  on  Beryllium 
Copper: 

1.  Sulphuric-Bichromate  Pickle 

sulphuric  acid . 1  gal. 

water  . . . 4  gals, 

sodium  bichromate.  .3  ozs.  per  gal. 

temperature  . IdO'-lSO®  F 

time  . %  to  10  mins. 

Parts  should  be  agitated  in  solution 

to  insure  uniform  attack.  Time  should 
be  kept  to  the  minimum  needed  to  pre¬ 
vent  loss  of  spring  pressure  and  to 
avoid  pitting.  Rinse  with  cold  water. 

2.  Bright  Dip 

Solution  #1  may  be  used  cold  as  a 
bright  dip  or  a  typical  bright  dip  as 
follows  may  be  used: 

sulphuric  acid . 2  gals. 

nitric  acid . 1  gal. 

water  . 1  qt. 

hydrochloric  acid . .  1  oz.  per  5  gals. 

temperature  . cold 

time . 5  seconds  to  5  mins. 

Rinse  in  cold  water  followed  by  a 
hot  water  rinse  to  aid  in  rapid  drying. 

Parts  having  a  very  light  oxide  sur¬ 
face  such  as  results  from  salt  bath 
heat-treatment,  may  be  satisfactorily 
'  cleaned  by  using  only  the  bright  dip 
solution.  Such  parts  will  then  readily 
i  electro-plate  or  solder. 
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weis^h  the  additional  difficulties 
encountered.  Recommended  de¬ 
velopers  were  Kodak  D.19b  and 
Ilford  I.D.33,  followed  in  some 
cases  by  treatment  with  uranium 
intensifiers.  For  paper  prints, 
high  contrast  papers  such  as 
Kodak  BG.4  or  5,  or  Velox  VG.  5 
were  used  with  very  good  results. 

Needless  to  say,  only  small  neg- 
atives  could  be  obtained,  as,  with¬ 
out  very  bulky  camera  equipment, 
the  lens  must  be  near  the  oscillo¬ 
graph  screen,  with  consequent  re¬ 
duction  in  its  depth  of  focus.  De¬ 
focussing  due  to  curvature  of  the 
screen  and  distortion  due  to  the 
trace  being  at  the  edge,  set  further 
limits  but  a  5-in.  screen  was  found 
to  have  a  useful  working  area 
about  4  in.  in  diameter. 

Placing  the  film  in  direct  con¬ 
tact  with  the  screen  produced 
fairly  satisfactory  results  up  to 
about  6  Me  but  the  results  using 
a  camera  were  far  better.  This 
method  was  adopted  for  most  of 
the  work,  which  represents  a  big 
advance  in  the  recording  of  high 
speed  transients  at  reasonable 
cost  and  without  undue  difficulty. 


!|r  ^  V  E  N  with  the  rapid 

advancement  of  science, 
spurred  by  war  demands,  we 
Sjp  have  seen  only  a  glimpse  of 

what  lies  beyond  the  uncharted 
aS  horizons. 

IB  The  contributions  which 

«  .Sperti  has  made  in  the  field  of 

1^1  electronics,  irradiation  and 

fluorescent  lighting  (as  well  as 
®  biodynes  with  all  they  imply  in 

the  field  of  medicine)  are  but  a 
promise  of  significant  new  devel- 
^  opnients  to  come. 

For  beyond  Sperti  are  labora- 
tones  devoted  to  pure  research  .  .  . 
staffed  by  scientists  whose,  sole 
purpose  is  to  unselfishly  roll  back 
the  horizons  of  human  knowledge 
l)etterment  of  mankind. 
Sperti,  Inc.  exi.sts  to  make  their 
’■  mature  dis<-overies  available  in  appli¬ 

cable  form. 

Even  now,  though  Sperti  is  almost 
wholly  engage<l  in  war  work,  there  may 
be  a  discovery  which  has  a  place  in  your 
[)ostwar  product  planning. 

It  will  pay  you  to  keep  Sperti  in  mind  — 
as  yon  turn  your  mind  toward  tomorrow. 


Police  and  Fire  Radios 
Separated 

Cities  whose  fire  departments 
serve  a  population  of  150,000  or 
more  and  smaller  localities  with 
special  problems  are  eligible  for 
special  municipal  fire  frequencies, 
independent  of  their  police  chan¬ 
nels,  according  to  the  terms  of  a 
recent  act  by  FCC. 

Available  frequencies  are  1630, 
35580,  and  37740  kc.  Although  only 
one  vhf  will  normally  be  assigned 
to  any  locality,  additional  ones  can 
be  considered  in  the  light  of  special 
needs. 

Power,  in  general,  is  restricted  to 
250  watts,  while  authorized  types 
of  emission  are:  A-1,  A-2,  and  A-3 
on  1630  kc ;  A-1,  A-2,  A-3,  A-4,  and 
special  emission  for  fm  on  35580 
and  37740  kc. 


How  Television  May  Grow 

Audiences  for  future  television 
entertainment  may  get  their  first 
taste  by  blind  listening  to  the  audio 
components  of  television  broad¬ 
casts  if  the  predictions  of  Leonard 
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The  paper  section  construction  used  by  Anaconda  is 
exceedingly  flexible  and  a  wide  variety  of  coils  can  be 
made  by  this  method.  Standard  Paper  Section  Coils  may 
be  wound  on  round,  square  or  rectangular  cores.  The 
thickness  of  the  inner  layer  of  the  paper  is  especially  se¬ 
lected  to  suit  the  size  of  wire  used  for  the  winding. 

In  addition,  special  types  of  Paper  Section  Coils  are 
designed  for  high  voltages,  ranging  up  to  85,000  volts  or 
more,  such  as  in  the  case  of  X-ray  transformers. 

Anaconda  High  Voltage  Paper  Section  Coils  are  made 
with  special  methods  of  insulation  and  construction  to 
accommodate  high  potentials.  For  example,  the  paper 
margin  is  substantially  larger;  the  number  of  inter-layer 
paper  wraps  is  graded  throughout  the  coil;  the  inner  and 
outer  layers  of  wire  are  usually  wound  with  increased 
pitch  to  separate  the  individual  turns;  the  type  of  paper 
used  is  carefully  selected  to  meet  specific  conditions. 

Paper  Section  Coils  are  one  of  the  many  fine  engineered 
products  of  Anaconda.  Any  of  our  sales  offices  will  be  glad 
to  refer  inquiries  to  our  coil  engineering  staff.  44^8 


ANACONDA  WIRE  &  CABLE  COMPANY 


General  Offices:  25  Broadway,  New  York  4  Subsidiary  oj  Anaconda  Copper  Mining  Company 

Chicago  Office:  20  North  Wacker  Drive  6  •  Sales  Offices  in  Principal  Cities 
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Cramer,  vice  president  of  Du  Mont 
Laboratories,  come  true. 

Speaking  at  a  recent  meeting  of 
the  Television  Press  Club  of  New 
York,  he  suggested  that  many  of 
the  present  differences  of  opinion 
might  be  settled  through  the  moun- 
tain-into-molehill  effect  of  a  tun¬ 
ing  device  which  permits  contin¬ 
uous  tuning  over  a  wide  frequency 
range.  This  development,  the  Mai- 
lory-Ware  Inductuner,  makes  it 
feasible  for  immediate  postwar  f-m 
sets  to  cover  the  television  audio 
channels  as  well  as  their  own. 

Then,  having  had  a  taste  of  tele¬ 
vision,  the  listener  would  aspire  to 
add  a  separate  video  unit  which, 
could  be  made  available  for  $75 
or  less.  Future  developments, 
such  as  the  addition  of  color,  and 
changes  of  standards  would  thus 
be  more  easily  and  inexpensively 
achieved.  Mr.  Cramer  envisioned 
the  final  top-bracket  receiver  as  a 
unit  combination  of  television  sight 
;  and  sound,  fm,  am,  and  phono¬ 
graph  with  a  price  somewhere  be- 
I  tween  $500  and  $1000.  Such  a 
device  would  be  the  evolutionary 
I  outgrowth  of  the  piecemeal  system 
I  and  would  be  considerably  longer  in 
!  coming. 


'At  No  need  to  crystal  gaze  into  the 
'future  of  electronics.  For,  as  we  at 
National  Scientific  Products  Company 
engage  in  secret  wartime  electronic 
developments,  many  peacetime  appli¬ 
cations  of  these  very  same  electronic 
principles  are  revealed  daily. 


Razor-Blade  Radios 

In  New  York  recently.  Marlin 
Firearms  Co.  was  startled  to  hear 
that  its  blued-steel  razor  blades 
were  in  considerable  demand  on  the 
Italian  front  as  components  for 
portable  radio  receiving  sets. 

In  a  letter  from  Lt.  Maxie  L.  Ru¬ 
pert,  Anzio,  details  of  the  receivers 
were  provided,  together  with  a  wir¬ 
ing  diagram. 

Further  development  is  appar¬ 
ently  under  way  as  engineers  of  Na- 


New,  cost-saving  electronic  designs  which  are  applicable  to 
post-war  products  ranging  from  radios,  lighting  units,  thermal 
devices,  timing  and  measuring  instruments,  electrical-therapy 
machines  and  door  openers,  to  a  host  of  other  peacetime 
items,  are  everyday  occurrences  in  National  laboratories. 

If  your  post-war  product  incorporates  a  tube,  singly  or  in 
combination  with  an  electrical  control,  or  other  electronic  or 
electrical  unit,  we  are  prepared  to  make  specific  recom¬ 
mendations  to  bring  it  to  maximum  efficiency. 

Write  today.  Your  inquiry  will  receive  prompt  attention. 


'at  Engineering 


Electrical  and . 


NATIONAL  SCIENTIFIC  PRODUCTS  COMPANY 

Designers  and  Manufacturers  of  Electrical  and  Mechanical  Devices 
501  3-25  NORTH  KEDZIE  AVE.,  CHICAGO  25,  ILLINOIS 
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A  According  to  War  Department 
records,  rehabilitation  of  49,176 
wire  miles  of  communications  was 
accomplished  by  the  Signal  Corps 
in  Sicily  alone. 

The  magazine,  'Steel”,  comments 
on  the  fact  that  wire  communication 
remains  basic  in  this  zone.  It  enjoys 
the  advantage  of  a  degree  of  secu¬ 
rity  not  enjoyed  by  other  mediums. 
The  editor  of  'Steel”  points  out  that 
the  demand  for  wire  field  communi¬ 
cations  will  continue  to  be  heavy  until 
thewarsin  both  major  zones  are  won. 

Imagine  the  demand  for  field 
telephone  equipment  with  the  whole 
continent  of  Europe  under  invasion, 
and  Pacific  operations  constantly 
expandingl 

The  men  and  women  of  Connecti¬ 
cut  Telephone  &  Electric  Division, 
commended  personally  by  War  Man¬ 
power  Commissioner  McNutt  for 
their  splendid  record  in  turning  out 
field  telephones  and  other  basic 
communications  equipment,  realize 
their  ever-increasing  responsibil¬ 
ities.  They  are  determined  to  fulfill 
this  obligation  to  our  armed  forces 
and  those  of  our  allies. 


GREAT  AMERICAN  INDUSTRIES,  INC 


G.A.I.  division*  or*  producing  for  tho 
war  offort:  Military  Trucks,  Fir*  Appa¬ 
ratus,  Communications  and  EUctranic 
Equipment,  Aircraft  Ignition  Com¬ 
ponents,  Cellular  Rubber  Products. 
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tional  Broadcasting  Co.  made  a  test 
unit  from  details  of  the  letter,  sug¬ 
gesting  that  improved  reception 
might  be  brought  about  by  substi¬ 
tuting  a  short  piece  of  pencil  lead 
for  the  steel  contact  point  of  the 
safety  pin  detector.  The  receiver  il¬ 
lustrated  here  is  the  latter,  Model  2. 


Study  of  Automobile 
Interference 

Working  in  cooperation  with  the 
Society  of  Automotive  Engineers, 
the  Engineering  Department  of 
RMA  is  undertaking  a  series  of 
tests  to  determine  details  of  auto¬ 
mobile  interference  with  television 
and  f-m  reception.  Five  thousand 
dollars  has  been  appropriated  for 
the  project. 


Still  delivering  after 


Continvous  Service 


Soviet  Electronic  Plant 

Production  and  engineering  de¬ 
partments  of  some  of  the  newer 
Russian  electronic  plants  are  doing 
work  which  compares  very  favor¬ 
ably  with  some  large  American  or¬ 
ganizations,  in  the  opinion  of  Ray 
C.  Ellis,  director  of  the  Radio  and 
Radar  Division  of  WPB,  who  re¬ 
cently  returned  from  a  two  months 
visit  to  the  Soviet  Union,  Speaking 
before  the  Third  War  Production 
Conference  of  RMA  in  Chicago  re¬ 
cently,  he  gave  an  account  of  some 
of  the  impressions  he  had  received. 

The  Russian  radio  ipdustry  be¬ 
fore  the  war  was  very  small,  with 
sets  and  parts  produced  in  about 
fifteen  factories.  Development  work 
originated  with  a  central  govern¬ 
ment  planning  agency,  which  was 
primarily  interested  in  high-power 
transmitters,  television,  and  spe¬ 
cial  tubes.  There  were  two  experi¬ 
mental  television  stations  in  oper¬ 
ation. 

Little  work  was  done  on  receiv¬ 
ing  tubes,  shortwave  sets,  high  fi¬ 
delity,  fm,  loudspeakers,  or  com¬ 
ponent  parts.  Foreign  contact  by 
their  engineers  was  kept  to  a  min¬ 
imum  and  few  outside  radio  men 
were  allowed  inside  Russia. 

Between  June  and  October,  1941, 
because  of  the  German  invasion,  all 
of  the  radio  industry  was  evacuated 
from  western  Russia  to  central  Si¬ 
beria,  over  2,500  miles  away.  Here 
temperatures  vary  more  than  any¬ 
where  else  in  the  w'orld,  changing 
from  100  deg  F  in  summer  to  -50 
in  winter.  Despite  this  and  compli- 


This  Conant  type  M  rectifier  was  returned  as 
defective  on  May  9,  1934.  When  routine 
tests  failed  to  show  any  defects,  this  rectifier  was 
mounted  on  the  back  of  a  15  mil  meter 
and  put  in  operation  as  a  line  voltmeter,  in  an 
effort  to  detect  any  intermittent  condition. 


For  more  than  ten  years  this  “defective”  Conant 
rectifier  has  been  in  continuous  service— 
an  estimated  88,000  hours— delivering  a  full 
13  milliamperes,  its  original  output.  This 
is  the  milliampere-hour  equivalent  of  several 
lifetimes  of  normal  service. 


This  unintentional  life  test,  begun  a  decade  ago, 
makes  it  possible  to  safely  predict  a  normal 
life  of  at  least  ten  years  for  any  Conant  rectifier. 


If  it  is  important  that  your  instruments 
retain  their  initial  calibration  for  life— choose 
Conant  rectifiers  and  be  certain. 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


4214  Country  ClubDr ..Long BeochZ.Cal. 
4205  N.E.  22nd  Ava.,  Portlond  1 1,  Ore. 
Coixo  Postal  930,  Soo  Paulo,  Brazil 
50  Yarmouth  Rd.,  Toronto,  Canada 


2017  Grand  Ave.,  Kansas  City,  Mo. 
7935  Eustis  St.,  Dallas  1 8,  Texas 
4018  Greer  Ave.,  St.  Louis,  Mo. 

1 526  Kry  St.,  Denver,  Colo. 


20  Vesey  St.,  New  York  7,  New  York 
85  E.  Gay  St.,  Columbus,  Ohio 
600  S.  Michigan  Ave.,  Chicago  5,  III. 
1215  Harmon  PI.,  Minneapolis  3,  Minn. 
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Micarta 


»*»• 


Here’s  new  and  up-to-the-minute  data  for 
designers  of  communications  and  electronics 
equipment  in  concise,  easy-to-use  form. 

Forty  pages  of  property  tables,  performance 
curves  and  design  suggestions  provide  working 
data  for  selecting  the  proper  grade  of  Micarta 
for  any  communications  application.  Data  covers 
both  laminated,  molded,  and  formed  Micarta. 
Grades  include  those  designed  for  severest  wear 
and  high  dielectric  strength.  Micarta  terminal 
blocks,  commutators,  bases,  coil  forms,  switch 
spacers  and  tube  sockets,  are  now  standard  in  the 
industry.  In  these  successful  applications,  you 
may  find  the  basis  for  an  improved  design. 

Reserve  your  copy  of  the  new  Micarta  Data 
Book  today.  Write  Westinghouse  Electric  &  Mfg. 
Co.,  East  Pittsburgh,  Pa.,  Dept.  7-N.  J.06354.1B 


Grades  of  Micarta — their  character¬ 
istics  .  .  .  corresponding  Army  and 
Navy  types. 

Properties  of  Micarta  —  electrical 
. . .  mechanical . . .  chemical . . .  how 
they  compare  with  other  materials. 

Designing  Help — machining  data .. . 
how  to  apply  directional  loads  .  .  . 
molded  and  formed  Micarta  design 
suggestions. 

Forms  Available — standard  shapes 
and  sizes  .  .  .  plates,  rods,  tubes, 
angles,  channels,  zees. 


PLANTS  IN  25  CITIES 


OFFICES  EVEKYWHEIE 
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cations  involved  in  housing  short¬ 
ages  and  plant  inadequacies,  ship, 
ments  of  equipment  began  four 
months  after  the  move. 

One  tube  plant  employs  2,000  per¬ 
sons  and  makes  several  types  of 
metal  tubes.  Glass  tubes  are  also 
made,  including  glass  power  tubes, 
acorn  tubes,  water-cooled  power 
tubes  up  to  100  kw,  rectifiers  and 
x-ray  tubes.  All  are  skillfully  hand 
built,  including  the  glass  blowing. 

Test  equipment  of  all  types  was 
lacking,  lighting  facilities  were  poor 
and  safety  devices  meager.  Never¬ 
theless,  the  spirit  with  which  pro¬ 
duction  quotas  are  strived  for  ex¬ 
ceeded  the  sort  of  thing  generally 
demonstrated  in  American  plants. 
About  85  percent  of  the  employees 
are  characterized  as  a  serious- 
minded  group  of  women,  ranging 
from  14  to  66  years  of  age. 

Recently  some  of  the  plants  were 
moved  back  to  the  west  into  modem 
buildings  which  incorporate  latest 
production  knowledge.  These  build¬ 
ings  include  elaborate  precautions 
against  bombing  and  gas  attacks. 
In  one  particular  plant  visited,  the 
organization  followed  closely  those 
principles  accepted  in  America. 
While  production  and  engineering 
activities  compared  favorably  with 
ours,  personnel  and  incentive  de¬ 
partments  are  considerably  ahead 
of  those  in  many  of  our  plants. 


The  dangers  of  damage  from 
moisture  and  corrosion  are 
minimized  when  INSUROK  is 
used.  And,  in  addition,  it  has  the 
stamina  to  absorb  shock  and  to 
stand  up  under  rough  handling. 

It  is  not  strange,  therefore,  that 
hoth  Molded  and  Laminated 
INSUROK  are  being  widely  used 
in  war  products— are  being  speci¬ 
fied  for  use  in  many  types  of  prod¬ 
ucts  for  tomorrow. 

There  are  many  grades  and  types 
of  Laminated  and  Molded  INSU¬ 
ROK,  with  a  wide  range  of  chem¬ 
ical,  electrical  and  mechanical 
characteristics.  One  or  more  types 
of  INSUROK  will  meet  practically 
every  requirement. 

Richardson  Plasticians  have  had 
years  of  experience  in  working  with 
designers  and  manufacturers.  They 
will  be  glad  to  help  you  determine 
the  grade  best  suited  to  your  needs. 
Write  for  complete  information. 


Television  Picture  Quality 

Even  if  there  were  no  basic 
change  in  television  standards  im¬ 
mediately  after  the  war,  there 
would  bb  possible  an  appreciable 
improvement  in  the  quality  of  the 
picture  produced,  in  the  opinion  of 
Allen  B.  DuMont.  Speaking  before 
one  of  the  sessions  of  the  Televis¬ 
ion  Seminar  of  Radio  Executives 
Club  in  New  York,  Mr.  DuMont 
pointed  out  that  most  of  the  receiv¬ 
ers  in  existence  are  of  rather  old 
vintage  and  not  capable  of  trans¬ 
lating  more  than  260  lines  of  the 
transmitted  525  into  a  useful 
picture. 

Contrasting  television  details 
with  those  of  motion  pictures,  he 
showed  that  from  the  viewpoints  of 
flicker  frequency  (60  to  48  per  sec.) 
and  intensity  (20  to  12  foot  1am- 
berts),  television  had  the  advan¬ 
tage.  As  for  comparative  numbers 
of  picture  elements,  35  mm  film  has 


Every  day,  parts  and  products  made 
qf  Laminated  or  Molded  INSUROK 
are  succes^ully  meeting  all  kinds  of 
moisture  and  temperature  condi¬ 
tions.  Be  sure  to  get  the  facts  about 
this  and  other  characteristics  which 
are  causing  INSUROK  to  be  speci¬ 
fied  for  so  many  types  of  products. 
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A  PRECISION  LABORATORY  INSTRUMENT 


U.  H.  F. 

SIGNAL 

GENERATOR 

MODELS 

804-CSI 


Carefully  and  difFicuMy  acquired  experience  enabled  P»d€ral  to 
produce  more  Ultra  High  Frequency  Test  Signal  Generators  thon 
were  ever  thought  possible— and  quickly,  too. 

Breaking  the  tightness  of  demand  by  the  Army  and  Navy,  these  high 
quality  laboratory  precision  instruments  are  available  to  research 
laboratories  and  industrial  manufacturers  engaged  in  the  productioa 
of  electronic' equipment. 

Your  inquiries  are  invited. 

CARRIER  FREQUENCY  RANGE:  7A  to  330  megacycles  plus  or 
minus  2%,  direct-reading  in  5  bands,  6th  band  available  for  use  with 
blank  coil  form  supplied. 

OUTPUT  VOLTAGE  RANGE:  Calibrated  Attenuator  continuously 
variable  from  1  to  20,000  microvolts,  accuracy  plus  or  minus  10%. 

MODULATION:  Internal  Modulation  1,000  cycles;  external  modu¬ 
lation  up  to  20,000  cycles;  0  to  607*  direct-reading  modulation  meter. 

STRAY  FIELD  LEAKAGE:  Held  to  a  minimum  by  improved  shielding 
and  R.F.  Filters.  * 


also  804-CS2 


FOR  MORE  DETAILED  INFOR¬ 
MATION  yVRITE  TO  DEFT.  E-8 


VIDEO  OR  PULSE  MODULATION:  Can  be  pulse  modulated  ex¬ 
ternally  with  signals  having  very  steep  wave  fronts.' 

VOLTAGE  REGULATED  POWER  SUPPLY:  115  or  230  voHs,  40  to 
60  cycles,  single-phase. 


Manufactured  by  arrangement  with  the  General  Radio  Company  of  Cambridge,  Massachu¬ 
setts,  and  in  accordance  with  their  designs. 


FOR  THE  FOURTH  TIME 


BACK  THE 
INVASION  .  .  . 

KEEP  BUYING 
MORE  WAR  BONDS 


Federal  manufacturing  and  Engineering  Carp 

Manufacturers  of  Federal  Photographic  Equipment  and  Federal  Electronic  Devices 
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Day  in  and  day  out  the  grim  demands  of 
war  call  for  more  and  more  engineering  in¬ 
genuity.  More  than  ever  "necessity  is  the 
mother  ol  invention". 


Apace  with  this  constant  wartime  pressure, 
Temple  engineers  have  gone  far  in  the  field 
of  electronics.  Almost  overnight  new  ideas 
or  new  methods  give  birth  to  new  develop¬ 
ments  in  vital  war  equipment  —  give  birth, 
likewise,  to  blue  prints  for  the  vast  commer¬ 
cial  requirements  at  war's  end. 

When  it  comes  to  peacetime  electronics  it 
will  pay  you  to  "team  up  with  Temple". 


Electronics  Division 


TEMPLETONS 
RADIO  COMPANY 

Mystic,  Conn. 


about  i  million  while  526  line  tele¬ 
vision  has  about  half  as  man> . 
However,  only  theater  projection  of 
the  television  picture  might  take 
full  advantage  of  additional  defini¬ 
tion. 

Two  of  the  recent  developments 
which  will  make  better  reception  of 
television  pictures  possible  are  flat¬ 
faced  tubes,  which  aid  contrast, 
and  tubes  with  black  screens,  which 
reduce  halo  effects.  Referring  to 
the  probable  size  of  screen  in  post¬ 
war  receivers,  Mr.  Dumont  thought 
that  20-in.  would  be  the  maximum, 
with  the  flat-type,  16-in.  a  more 
popular  top  size  because  of  its  more 
practical  aspects  with  regard  to 
cabinet  mounting. 

Beachhead  Press 
Communication 

For  the  first  time  in  history,  the 
press  has  its  own  radio  communica¬ 
tion  service  directly  behind  the 
battle  lines  in  Normandy.  Special 
equipment  previously  prepared  by 
Press  Wireless  is  capable  of  send¬ 
ing  and  receiving  all  varieties  of 
radio  traffic,  including  broadcast 
services. 

Besides  a  semi-permanent  sta¬ 
tion,  the  European  press  crew  has 
a  truck  with  transmitting  and  re¬ 
ceiving  sets  and  a  unit  for  generat¬ 
ing  electric  power  to  operate  it.  In 
this  unit  are  both  radio-telephone 
and  radio-telegraph  equipment 
which  can  be  operated  separately 
or  simultaneously. 

Transmission  is  possible  either 
directly  to  the  eastern  receiving 
terminal  of  the  company  in  the 
United  States  or  to  their  high¬ 
speed  channels  in  London. 

Electronics  and  the 
Automatic  Age 

Modern,  multi-engined  bombers 
constitute  the  most  complete  exam¬ 
ples  of  complex,  delicate  jobs  done 
automatically  to  eliminate  fatigue 
and  the  element  of  human  error,  in 
the  opinion  of  Ernest  R.  Breech, 
president  of  Bendix  Aviation  Cor¬ 
poration.  “More  varied  tasks  are 
performed  by  scientific  means  in¬ 
side  the  compact  airframes  of  mili¬ 
tary  aircraft  than  in  any  other 
space  of  comparable  size,”  he  stated, 
in  the  course  of  a  display  of  Bendix- 
engineered  apparatus  at  Teter- 
boro,  N.  J.,  recently. 

At  the  same  time,  intensive  tnnin- 
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BURNDY  ENGINEERING  CO.,  INC. 
1 07  BRUCKNER  BOULEVARD.  NEW  YORK  54,  N.  Y. 

IN  CANADA:  Conodion  lin*  AAat«rioli,  limited,  Toronto  13 


CorroMoi 

Chombof 
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Another  Warfini*  DevelopMenf 


Research  at  Scientific  Radio 
Products  Company  is  a  never-ending 
search  for  faster,  more  practical 
methods  of  producing  precision-made 
radio  crystals  and  for  developing  new 
and  better  post-war  products. 

Latest  development  of  our  research 
laboratory  engineers  is  the  perfection 
of  a  new  and  revolutionary  method 
of  depositing  metal  film  electrodes  di¬ 
rectly  on  quartz  plate  .  .  .  metal  film 
electrodes  that  will  withstand  boil¬ 
ing,  scrubbing  and  extreme  tempera¬ 
ture  ranges  from  minus  50*  to  plus 
90“  C.  Now,  with  this  new  process, 
we  are  able  to  provide  radio  crystals 


with  even  greater  stability  of  per¬ 
formance  under  the  most  adverse 
conditions. 

Nearly  all  the  radio  crystals  we  can 
turn  out  go  directly  to  the  armed 
forces  to  serve  our  nation  as  the 
heart  of  wartime  communication. 
Tomorrow,  crystals  will  assume  their 
civilian  role  of  advancing  our  civiliz¬ 
ation  in  a  world  of  peace  and  secur¬ 
ity.  Your  plans  for  postwar  progress 
may  include  the  development  of 
equipment  in  which  crystals  play  an 
important  role.  We  will  be  glad  to 
work  with  you  on  any  problem. 


Would  you  like  to  read  the  interesting  story  of  the  develops 
ment  of  the  American  crystal  industry?  Send  for  your  copy  of  our 
new  brochure.  It’s  os  interesting  os  a  tour  through  our  plant- 
Yours  for  the  asking. 


738  W.  BROADWAY,  COUNCIL  BLUFFS,  I A 


MANUFACTURERS  OF  RIEZO  ELECTRIC  CRYSTALS  AND  ASSOCIATED  EQUIPMENT 


ing  has  given  large  numbers  of 
Americans  new  education  in  elec¬ 
tronics  and  other  forms  of  science. 
He  feels  that  this  combination  may 
herald  a  remarkable  advance  for 
technology  as  applied  to  private 
lives  after  the  war. 

Substantial  Radar  Research 

Projects  planned  for  1945  by  the 
Office  of  Scientific  Research  and  De¬ 
velopment  (OSRD)  total  23  special 
developments  for  the  armed  serv¬ 
ices  with  a  total  allotment  of  $105,- 
625,000.  Of  this,  radar  work  re¬ 
ceived  $35,300,000,  within  $100,000 
of  expenditures  for  1944.  Radio  co¬ 
ordination  rated  $12,700,000 — $1,- 
000,000  less  than  1944,  and  electri¬ 
cal  communication  was  allotted 
$500,000,  one-half  the  previou* 
figure. 

Terminations  to  Accelerate 

Previous  figures  show  that  cases 
of  Signal  Corps  contract  termina¬ 
tions  with  claims  to  exceed  $10,000, 
average  8.7  months  for  settlement 
Of  this  time,  six  months  is  required 
by  the  contractor  to  submit  his 
claim. 

Speaking  at  a -luncheon  meeting 
during  the  recent  RMA  Conven¬ 
tion,  Colonel  William  M.  Mack,  Di¬ 
rector  of  Procurement,  Army  Sig¬ 
nal  Corps,  said  that  efforts  will  be 
made  to  reduce  this  time  to  some¬ 
thing  like  90  days  from  termina¬ 
tion  notice  to  final  agreement. 

Activities  in  January  covered 
140  contracts  involving  a  value  of 
about  $19,000,000,  while  in  May, 
255  contracts  valued  at  $50,000,000 
were  closed. 

Radio  in  Europe 

Even  though  the  German  authori¬ 
ties  have  made  strenuous  efforts  to 
confiscate  radio  receivers  from  thi 
people  of  Europe,  appreciable  num* 
bers  of  sets  are  still  known  to  bi 
in  the  hands  of  patriots. 

All  sorts  of  subterfuges  have 
been  followed.  Old  radios  have 
been  turned  in  while  good  ones 
were  kept,  and  conspicuous  outside 
antennas  have  largely  given  way  to 
bed-spring  aerials. 

Allied  broadcasts  to  Europe  have 
provided  specific  instructions  oi 
construction,  maintenance,  and  r? 
pair  of  sets.  For  instance,  a  r-:-  en* 
OWI  broadcast  in  French  sur 
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Think  of  it!  You  as  a  civilian  have  the  power  to  decide  when  the  war  will  end. 
Use  that  power  to  the  utmost — NOW — by 

Buying  war  bonds  to  the  limit  of  your  capacity. 

Working  harder,  longer,  and  uninterruptedly  turning  out  implements  of 
war. 

•7.  Donating  your  blood  to  the  Red  Cross  to  save  lives  on  the  battle  field. 

Collecting  waste  paper  and  other  scrap  for  which  the  government  is 
asking. 

Avoiding  black  markets  as  you  would  the  plague.  (Black  markets  cause 
the  plague  of  inflation.) 

All  of  these  are  weapons  of  war — weapons  that  strike  terror  in  the  hearts  of 
Oiip  AnAnniac  I  lea  4Uann  — 


We,  the  management  and  employees  alike, 
at  Kenyon,  are  building  better  transformers 
than  we  ever  built  before — and  building  them 
faster  for  the  armed  forces. 


KENYON  TRANSFORMER  CO..  Inc. 


840  BARRY  STREET 
NEW  YORK,  U.  S.  A. 
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LEADERSHIP/ 


C/***^”*®^J9****P^  Speakers.  ^ 

3911  S.  Michigan  Ave.,  Chicago 
Export  Div.,  13  E.  40th  St„  New  York  16,  N.  Y 
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MOISTURE 
"Sealed  Out" 


SEALING 


RING 


Moidiu/ie  Pnool 
OCTAL-TYPE  BASE 


HOWARD’S  Octal'type  base  keeps  out  all  moistiu^  and  dirt,  in 
spite  of  contraction  and  expansion  caused  by  heat  and  cold,  by 
means  of  a  gasket  seated  on  a  sealing  ring.  Designed  for  radio 
tubes,  crystal  holders,  transformers,  electrolytic  condensers,  and 
practically  all  types  of  plug'in  equipment,  this  base  is  made  in 
natural  or  black  Bakelite  and  has  molded4n  pins.  Write  today 
to  HOWARD  for  prices! 

it  BUY  WAR  BONDS  it 


COUNCIL  BLUFFS.  IOWA 


The  result  of  precision  engineer* 
ing,  painstaking  production  and 
inherent  stamina.  This  is  the  bat* 
tie-tested  background  you  get  with 
every  Cinaudagraph  Speaker.  If 
delivery  is  slow,  please  remember 
the  armed  forces  have  first  choice. 
Watch  Cinaudagraph  Speakers 
after  Victory! 


gested  the  organization  of  colie  - 
tive  listening  groups  including  at 
least  one  radio  technician  and  pos¬ 
sessing  at  least  one  receiver.  It 
was  also  suggested  that  tubes  and 
parts  of  old  sets  be  kept  for  a  com¬ 
munity  stockpile.  Then,  whenever 
anyone  is  compelled  to  turn  over  a 
radio  receiver  to  the  authorities  he 
can  take  out  the  good  tubes  and  put 
bad  ones  in  their  place  before  do¬ 
ing  so. 

Standardization  of 
Hook-up  Wire 

Attention  of  equipment  manufac¬ 
turers  is  directed  to  the  two  new 
specifications  which  cover  radio 
hook-up  wire.  Published  by  the  Sig¬ 
nal  Corps  of  the  Army  Emd  the  Bu¬ 
reau  of  Ships  of  the  Navy,  the  two 
standards  do  not  differ  from  each 
other  greatly.  Both  are  perform¬ 
ance  specifications  broad  enough  to 
permit  the  development  of  other 
types  of  insulations,  and  also  to  al¬ 
low  the  use  of  several  different 
kinds  of  materials  now  available. 

Copies  of  the  Signal  Corps  stand¬ 
ard  can  be  obtained  from  the  Signal 
Corps  Standards  Agency,  12  Broad 
St.,  Red  Bank,  N.  J.  Preliminary 
drafts  of  the  Navy  standard  have 
been  sent  out  for  industry  com¬ 
ment  only. 

British  Television 
Standards 

Images  with  800-line  definition 
and  color  are  being  recommended 
for  English  television  by  one  Brit¬ 
ish  manufacturer,  Pye,  Ltd.  Tele¬ 
vision  activities  of  this  company 
were  formerly  under  the  direction 
of  Dr.  Peter  Goldmark,  television 
specialist  of  the  Columbia  Broad¬ 
casting  System  here. 

Women  Engineers  Ready 

Ranging  in  ages  from  18  to  29,  a 
group  of  33  women  have  just  fin¬ 
ished  a  special  nine-month  engi¬ 
neering  training  course  at  Car¬ 
negie  Institute  of  Technology.  They 
are  prepared  to  act  as  engineering 
assistants,  participating  in  the  de¬ 
sign  of  electrical  equipment,  in  re¬ 
search  work,  in  analysis  and  test¬ 
ing,  writing  specifications,  and  com 
piling  engineering  reports. 

I  Selected  from  275  candidates, 
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WiLCO  facilities 
Expanded  to  Meet. . 
Wartime  Needs! 


But  Postwar  Industry  will  be 
the  ultimate  gainer  from  the 
many  new  WILCO  products 
and  developments 


Thermostatic  Bimetals,  Electrical  Contacts, 
and  Precious  Metal  Bimetallic  Products  are 
such  important  factors  in  the  precision  per¬ 
formance  of  ships,  planes,  tanks,  guns,  and 
various  instruments  of  the  Army  and  Navy 
that  the  H.  A.  Wilson  Company  has  found 
it  necessary  to  enlarge  its  facilities  and  de¬ 
velop  many  important  new  products  and 
techniques. 

Though  now  chiefly  applied  to  the  war 
effort,  these  new  W'ilco  developments  are 
destined  to  play  as  vital  a  role  in  the  post¬ 
war  industrial  “comeback”  as  they  are  now 
playing  in  scores  of  wartime  applications. 

At  the  coming  of  peace,  the  skill  and  ex¬ 
perience  gained  in  the  development  and  ap¬ 
plication  of  these  new  Wilco  products  and 
techniques  will  mean  much  to  automotive, 
electrical  appliance  and  many  other  types 
of  manufacturing  customers.  No  company 
will  then  be  better  equipped  to  meet  in¬ 
dividual  requirements  for  Thermostatic 
Bimetals  and  Electrical  Contacts  on  any 
desired  scale  than  the  H.  A.  Wilson  Com¬ 
pany,  pioneers  in  this  field. 

WILCO  PRODUCTS  ARE;  Contacts— 
Silver,  Platinum.  Tungsten,  Alloys,  Sin¬ 
tered  Powder  Metal.  Thermostatic  Metal — 
High  and  Low  Temperature  with  new  high 
temperature  deflection  rates.  Precious  Metal 
Collector  Rings  for  rotating  controls.  Sil¬ 
ver  Clad  Steel.  Jacketed  W ire — Silver  on 
Steel,  Copper,  Invar,  or  other  combinations 
requested.  Silver  Clad  Steel.  Rolled  Cold 
Plate.  Special  Materials. 


The  H.  A.  Wilson  Company 

105  Chestnut  Street.  Newark  5,  New'  Jersey 


Thermometals — Electrical  Contacts 
Precious  Metal  Bimetallic  Products 
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Two  of  Ihirty-mroo  women  onginoon  to 
finish  a  nino-month  WosHnghouso-spon 
sored  coarse  of  Carnegie  Institute  of 
Technology.  Erelyn  Work  and  Betty 
Haynes  determine  the  characteristics  oi 
on  amplifier  tube  with  a  cofhode-ray 
oscilloscope  and  a  wore  analyser 


For  the 


Home  Front 


For  the 


War  Front 


Down  thru  the 
years  GOTO- COIL 


has  pioneered  in  the  manufacture  of  every 


type  of  coil  winding. 


All  of  this  experience  and  skill  acquired 


thru  "doing”  now  are  directed  to  the 


production  of  vital  military  equipment 


When  ♦"C"  Day  comes  we  will  be  ready 


and  waiting.  May  we  help  you  NOW  or 


THEN? 


If  you  have  a  coil  winding  problem 


phone,  wire  or  write. 


•  •'CONVERSION  DAY" 


m  COTO-COIL  CO..  INC. 

65  PAVIUON  AVE.  PROVIDENCE  5,  R.  I. 


these  graduates  are  being  placed  in 
engineering  and  research  labora¬ 
tories  of  Westinghouse  Elec.  &  Mfg. 
Co.  plants  in  various  eastern  cities. 
The  company  sponsored  the  train¬ 
ing  program.  During  the  course,  the 
students  had  all  expenses  paid  and, 
in  addition,  received  $50  a  month. 

More  Accurate  Broadcast 
Data 

Because  many  broadcast  licensees 
have,  in  the  past,  been  filing  re¬ 
newal  applications  with  gross  er¬ 
rors  which  are  repeated  time  and 
time  again,  FCC  has  established 
two  new  forms  which  require  that 
the  chief  engineer  or  technical  di¬ 
rector  of  a  station  swear  or  affirm 
the  accuracy  of  contained  informa¬ 
tion. 

This  step  is  to  prevent  the  copy¬ 
ing  of  data  from  previous  renewal 
applications  without  reexamination 
by  anyone  having  knowledge  or  in¬ 
formation  of  the  facts.  One  of  the 
two  forms  applies  to  stations  using 
non-directional  antennas,  while  the 
other  refers  to  those  using  direc¬ 
tional  types. 

CAA  Alaskan  Radio 

Although  the  Army  is  operating 
most  of  the  aircraft  communication 
facilities  in  the  Aleutians,  Civil 
Aeronautics  Administration  oper¬ 
ates  three  radio  services  through¬ 
out  territorial  Alaska. 

Of  the  three,  one  provides  coiih 
munication  with  the  actual  aircraft 
in  flight,  another  operates  and 
maintains  radio  aids  to  navigation, 
and  the  third  collects  and  dis- 
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YOU’VE 
SEEN 
THESE 
BEFORE 

Jl  i  1923 


1934  ^ 


NO  hasty  development  or  Chinese  copy 
of  the  units  of  some  other  manufacturer, 
the  popular  Types  214-314  Rheostats 
have  been  made  by  us  for  many  years. 
The  Type  214  was  first  brought  out  in 
its  present  general  form  in  1919.  As 
matmals  improved  . . .  better  wire  . . . 
betttf  insulation  .  .  .  more  accurate 
winding  methods  . . .  better  mechanical 
design  of  molded  form,  winding  cards 
and  contact  arms  .  .  .  the  Type  214 
'  gradually  reached  its  present  stage. 
They  are  being  turned  out  just  as 
quickly  and  in  just  as  large  volume  as 
we  are  able.  After  the  war  we  may  have 
some  radical  improvements  in  our  entire 
t  rheostat  line.  In  the  meantime  when 
ordering  rheostats  that  look  like  G-R, 
why  not  buy  G-R,  if  our  present  deliv- 
l  ery  schedules  meet  your  requirements. 


.  '1'  S 


NOW 


iSf 


GENERAL  RADIO  COMPANY 


Cambridge  39,  Mauachusetts 

NtW  TOIK  eHICIfiO  lOS  INOtllS 
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riMtograph  Signo)  Corps,  U.  S.  Army 


YOU’LL  WANT  TELEX  RECEIVERS,  TOO 


Whether  worn  in  the  din  of 
battle  somewhere  in  France  or  in 
a  library  at  home,  Telex  power¬ 
ful,  rugged,  lightweight,  magnetic 
receivers  deliver  dependable 
jjerformance. 

Magnetic  receivers  are  now 
being  made  in  large  quantities 
according  to  U.  S.  Army  Signal 
Corps  specifications,  by  Telex, 


creators  of  the  world’s  first  wear¬ 
able  electronic  hearing  aid. 

Telex  experience  in  supplying 
these  receivers  to  the  Signal 
Corps  should  be  of  assistanee  to 
you  in  any  plans  you  have  for 
the  creation  of  p>ostwar  sound 
transmission  or  communication 
devices  requiring  receivers.  Write 
and  tell  us  your  problem. 


Telex  Experience  Offers: 


MAGNiTIC  RECEIVERS! 

Cy.  Vol. — Approx.  0.3  cu.  in. 

Impgdonc* — Up  to  5000  ohms. 

SgntHivHy — 18  dyn*s/sq.  cm.  for  10 
microwatt  input. 

Conctrwetion — Rugged,  stable,  using  only 
finest  materials,  precisely  machined — no 


diaphragm  spacing  washers  in  Telex 
receivers. 

TRANSFORMERS  AND  CHOKES: 

Cu.  Vol. — Down  to  .15  cu.  in. 

Core  Moterial  —  High  permeability  steel 
alloys. 

Windings — To  your  specs.  (Limit  of  six 
outside  leads  on  smallest  cores.) 


electronic  products  division 

ULjUhlj^  PRODUCTS  COMPANY 

TELEX  PARK  •  MINNEAPOLIS  •  MINNESOTA 


tributes  meteorological  inforr.ia- 
tion. 

When  the  radio  installation  pro¬ 
gram  was  started  in  1940,  point-to- 
point  ground  communication  wag 
served  by  medium-high  frequency, 
while  ground  to  aircraft  contact 
was  maintained  over  the  vnice 
channel  of  the  radio  range  where 
these  services  existed.  More  re¬ 
cently,  communication  facilities 
have  been  added  with  operations 
located  in  the  low-frequency  band. 

Because  of  frequent  unfavorable 
conditions  of  the  ionosphere  in 
northern  latitudes,  high  frequency 
transmission  is  hampered.  Thus, 
low-frequency  facilities  are  more 
dependable,  even  though  operating 
speed  cannot  be  as  high. 

.While  the  meteorological  and 
point-to-point  communication  in 
continental  United  States  has  for 
some  time  depended  on  land  lines 
and  teletypewriter  transmission, 
the  vast  distances  and  scarcity  of 
civilization  make  it  likely  that 
Alaskan  aircraft  will  depend  on 
radio  for  some  time  to  come. 


Survey  of  FM  Activities 

Comments  regarding  the  extent  to 
which  present  and  proposed  policies 
of  f-m  broadcasters  conform  to  the 
consideration  of  public  interest, 
convenience,  and  necessity  have 
been  requested  by  FCC.  A  letter 
j  requesting  such  information  has  re- 
!  cently  been  dispatched  to  all  na- 
'  tional  and  regional  networks. 

'  Quoting  from  regulations,  FCC 
!  points  out  that  it  is  authorized  to 
consider,  in  addition  to  the  mini¬ 
mum  technical  requirements,  the 
extent  to  which  the  station  has 
made  or  will  make  use  of  its  facil¬ 
ities  to  develop  a  distinct  and  sep¬ 
arate  service  from  that  otherwise 
available  in  the  service  area. 


!  Civilian  Essentialities 

It  is  estimated  that  12,000,000 
radio  tubes  above  present  produc¬ 
tion  would  be  needed  to  put  the 
civilian  economy  on  a  basis  of  un¬ 
restricted  supplies.  William  Y. 
Elliott,  vice  chairman  for  civilian 
requirements  has  established  three 
theoretical  levels  and  supplied  to 
WPB  estimated  figures  for  meeting 
each  in  a  long  list  of  commodities. 

Level  No.  I  is  designated  as  mini- 
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THE  RANGE  AND  SCOPE 


Because  there  are  many  places  in  electronic 
equipment  where  a  power  drive  is  needed  for 
Instruments  or  other  auxiliaries,  and  many 
more  that  call  for  remote  control  of  parts 
requiring  operational  adjustment,  every  engl. 
neer-designer  should  be  familiar  with  the  pos¬ 
sibilities  of  S.  S.  White  Flexible  Shafts.  For 
S.  S.  White  shafts  serve  these  two  functions 
with  the  following  decisive  advantages. 


1.  SIMPLICITY — With  a  single,  easily  applied  shaft 
you  can  transmit  power  or  remote  control  around  turns, 
past  obstructions  or  through  congested  areas.  This 
means  fewer  parts,  simplified  assembly,  faster  pro¬ 
duction,  lower  costs. 

2.  BETTER  DESIGNS — Flexible  shafts  give  you  com¬ 
plete  freedom  in  placing  driving  and  driven  or  con¬ 
trolled  elements  wherever  you  want  to  put  them  to 
best  satisfy  circuit  requirements,  space  conditions, 
ease  of  assembly,  convenience  of  operation  and 
servicing. 

3.  ECONOMY— in  addition  to  the  economy  of  sim¬ 
plicity,  flexible  shafts  make  accurate  alignment  of  con¬ 
nected  parts  unnecessary,  further  reducing  assembly 
costs. 

FOR  BASIC  DATA  on  S.  S.  White  Hexible  Shafts 
for  power  drives  and  for  remote  control  ask  for  Bulletin 
43.  Your  copy  mailed  on  request. 


DIVISION 


i—  DEFT.  E  10  EAST  40th  ST.,  NEW  YORK  16.  N.  Y. 
FLEXIBLE  SHAFTS  AIRCRAFT  ACCESSC 

MOLDED  PLASTICS 

MOLDED  RESISTORS  FLEXIBLE  SHAFT  T 


electronics  —  August  1944 


ClASOSIAT  MFG.  CO.,  Inc,  •  285-7  N.6ih  St.,  Brooklyn,  N.y. 


mum  essential  requirements,  with 
distribution  throusrh  rationing:. 
Level  No.  II  .represents  minimum 
essential  requirements  without  con¬ 
trol  on  distribution.  Level  No.  Ill 
means  an  unrestricted  supply  of 
products. 

Therefore,  while  the  4,500,000 
vacuum  tubes  estimated  to  be  pro¬ 
duced  in  the  third  quarter  of  this 
year  will  fill  the  requirements  of 
Level  I,  10,000,000  would  be  needed 
for  Level  II  and  16,500,000  for 
Level  III.  Farm  radio  batteries 
are  estimated  at  45,000,000  cells  for 
the  third  quarter,  while  91,200,000 
would  be  required  for  Level  II  and 
121,600,000  for  Level  III. 


Training  in  Electronics 

Special  free  courses  in  radio  and 
electronics  will  start  during  August 
in  major  war  production  centers 
throughout  the  state  of  California. 
Offered  by  University  of  Cali¬ 
fornia,  these  classes  are  designed 
for  full-time  workers  who  are  able 
to  devote  two  hours  a  week  to  lec¬ 
tures  and  an  equal  amount  to  home 
study. 

Training  is  offered  at  both  ele¬ 
mentary  and  advanced  levels.  Pre¬ 
requisites  are  employment  in  a  war 
industry  plus  high-school  gradua¬ 
tion  or  equivalent.  To  facilitate 
attendance,  OPA  regulations  per¬ 
mit  application  for  supplementary 
gasoline  allowances. 

Detailed  information  can  be  ob¬ 
tained  from  U  of  C  war  training 
centers  in  Berkeley,  Los  Angeles, 
or  San  Diego.  Courses  are  part  of 
the  Engineering,  Science,  and  Man¬ 
agement  War  Training  Program  of 
the  U.S.  Office  of  Education. 


Covers  resistance  range 
oi  1  ohm  to  999,999  ohms. 


if  Since  its  introduction  several  years 
ago.  the  Qarostat  Power  Resistor  Dec¬ 
ade  Box  has  become  a  "must"  among 
busy  engineers,  laboratory  workers, 
mcdntencmce  men  and  others.  Espe¬ 
cially  so  during  the  hustle  and  bustle 
oi  war  work. 


Eoch  decade  dissipates 
up  to  225  watts.  Green- 
ohm  s  (wire-wound  ce¬ 
ment-coated  power  re¬ 
sistors)  used  throughout. 
Glass-insulated  wiring. 


Six  decade  switches  on  Definitely  in  a  closs  by  itseli.  There's 
sloping  panel.  nothing  else  lust  like  it  Note  that  it  is 

a  power  resistor  decade  box.  That 
means  the  introduction  of  the  correct 
retistonce  value  for  any  circuit  or  op- 
plicofiori,  for  use  under  actual  working 
conditions,  at  the  mere  twist  oi  the 
knobs.  The  resistance  which  provides 
the  correct  operating  conditions  is  then 
read  directly  oii  the  dials.  No.  calcula¬ 
tions  required.  No  guesswork.  No  time- 
consiuning  routine.  No  wonder  the 
Clorostat  Power  Resistor  Decade  Box 
Baffle  pays  for  itseli  in  short  order, 
switch 

St  in-  ^  Write  for  Uteratare  . . . 

DescrlptiT*  bullstin  tent  on  request.  Like¬ 
wise  literoture  on  controls  or  resistors  in 
which  you  ore  porticulorlT  interested. 

Let  us  quote  on  your  requirements. 


Maximum  ctirient 
decade:  5,  1.5,  .5, 
.05  and  .005  amp. 


Attractive  frosted  •  gray 
metal  case.  Etched  black- 
and  -  aluminum  panel. 
Dual  binding  posts  for 
left-  and  right-hand  duty. 


Postwar  Prognostications 

Surveys  of  potential  markets  for 
the  months  after  the  war  are  being 
made  in  large  numbers  by  govern¬ 
ment  agencies,  commercial  con¬ 
cerns,  and  publications.  Sample 
findings : 

Among  the  many  appliances  cov¬ 
ered  in  a  recent  survey  made  by 
WPB,  radios  placed  sixth  in  con¬ 
sumer  demand.  Out  of  4,488  hous^ 
holds  interviewed,  154  would  buy 
a  radio  first  if  such  commodities 
were  readily  available,  and  89 
would  buy  radios  second.  Esti¬ 
mated  on  the  same  basis,  U.  S. 
totals  for  first  and  second  pur- 


13"  long,  8V4"  deep,  5% 
high.  Weight,  11  lbs. 
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MEYERCORD  DECALS 

The  Meyercord  Co. .  .World's  Largest  Manufacturers  of  Decalcomania 
I  53  2  3  WEST  LAKE  STREET  •  CHICAGO  (44)  ILLINOIS 


Meyercord  Decal  diagrams  ‘‘stay  put”!  They  are  easy  to  apply, 
yet  eliminate  the  danger  present  in  easy-to-come-off  paper  and 
glue-typ>e  diagrams.  They’re  engineered  to  ‘‘stand  up  and  take  it” 
under  grueling  tropical  sun,  in  the  frigid  arctic,  in  humid  jungle. 
Meyercord  Decals  are  washable — complete  immersion  will  not 
destroy  their  legibility  or  adhesion!  They  are  durable,  vibration- 
proof,  and  can  be  produced  in  any  size,  design,  or  colors. 

Wiring  diagrams . . .  special  Ordnance  lubricating  guides  for  com¬ 
bat  vehicles  .  . .  stowage  charts,  spare  parts  listings — these  are 
but  a  few  of  the  hundreds  of  ways  in  which  Meyercord  Decals  are 
sers'ing  the  armed  forces.  Used  for  nameplates,  instructions,  and 
insignia  on  vessels,  tanks,  planes,  and  other  combat  equipment, 
they  save  time,  money,  weight  and  metal.  Send  for  complete 
literature.  Address  inquiries  to  Department  9-8. 

Sfited  TOctrt 
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chases  would  amount  to  2,030,508. 

Ranking  radios  in  potential  pop¬ 
ularity,  and  in  order,  were  wasl- 
ing  machines,  electric  irons,  me¬ 
chanical  refrigerators,  cooking 
stoves,  and  electric  toasters. 

Meanwhile  another  survey,  run 
off  by  McCall's  magazine,  indicated 
a  very  striking  preference  for 
modern  over  traditional  styles  in 
radio  cabinets.  Questions  asked  of 
women  in  all  parts  of  the  country 
and  from  all  age,  income,  and  oc¬ 
cupational  groups  were  designed  to 
indicate  choices  among  console 
type  radios,  table  models,  radio- 
phonograph  combinations,  televi¬ 
sion  sets,  and  pianos. 

Depositors  at  the  Franklin 
Square  National  Bank  of  Nassau 
County,  Long  Island,  N.  Y.,  have 
participated  in  a  plan  in  which  they 
make  deposits  earmarked  for  spe¬ 
cific  postwar  purchases.  Television 
receivers  head  the  list  And  if  the 
figures  of  the  bank  are  extended  to 
a  national  average,  there  are  1,600,- 
000  people  in  the  country  ready  to 
utilize  $652,000,000  for  the  same 
purpose.  Funds  of  $400  are  set 
aside  by  the  depositors  for  this 
purpose. 

Pent-up  demand  for  radio  re¬ 
ceivers  is  estimated  at  a  potential 
of  20,000,000  sets  by  J.  H.  Rasmus¬ 
sen,  Crosley  Corp.,  who  recently 
addressed  the  Advertising  and 
Sales  Executive  Club  of  Kansas 
City.  He  pointed  out  that  the  radio 
industry  produced  13,000,000  re¬ 
ceivers  in  its  peak  year  and  that 
during  the  current  year  it  will  pro¬ 
duce  about  ten  times  the  value  of 
that  year’s  output. 


Ingenious  New 

Technical  Methods 

Presented  in  the  hope  that  they  will 
prove  interesting  and  useful  to  you. 


Revolutionary  Hy-cycle  Automatic  Arc 
Provides  Complete  Control  of  Arc  and  Heat 

At  last,  a  deTelopment  that  automatically  starts 
the  arc  before  the  welding  electrode  actually 
comes  in  contact  with  the  work!  Eliminating 
the  "pecking”  or  "scratching”  that  so  often 
creates  tension  and  operator  fatigue.  Its  many 
advantages  contribute  largely  to  saving  time 
and  labor  because  an  operator  can  be  trained  in 
far  less  time  than  usual,  and  higher  speeds  can 
be  obtained.  This  hy-cycle  automatic  arc  unit, 
called  "Missing  Link,”  permits  the  operator  to 
weld  with  any  welding  rod,  bare  steel  or  alloy. 

Rods  that  could  not  be  used  before  can  be 
burned  with  ease — such  as  bare  mild  steel,  dust 
coated,  reverse  polarity,  aluminum,  bronze, 
stainless  steel,  etc.,  AC  or  DC. 

One  of  its  most  important  advantages  is  weld¬ 
ing  light  gauge.  Light  gauge  requires  low  heat 
—making  many  jobs  almost  impossible  for  or¬ 
dinary  methods.  Since  the  "Missing  Link” 
starts  automatically  on  as  low  as  one  ampere 
of  heat,  the  welding  of  light  gauge  sheet  can  be 
done  with  surprising  speed  with  no  time  out 
for  "pecking”  and  "sticking.” 

You  all  know  that  our  fighting  men  need  the 
finest  quality  materials  that  we  here  at  home 
can  produce.  That  goes  for  Wrigley’s  Spear¬ 
mint  Gum,  too.  Although  our  stock  pile  of 
quality  raw  materials  is  getting  lower  and  lower 
we  are  maintaining  our  standards  of  quality. 

Naturally,  we  are  forced  to  limit  production. 

So  we  are  giving  priority  where  it  is  needed 
most— and  where  you  want  us  to — our  fighting 
men  and  women  overseas  only.  Because  chew¬ 
ing  gum  is  essential  to  them — they  are  getting 
all  of  our  limited  production  of  Wrigley’s 
Spearmint  Gum. 


SimpIHlM  waMIng  uarticel 
and  ovarhead 


Surplus  Electronic  Goods 

Besides  basic  component  parts 
like  bolts,  nuts,  screws,  rivets,  and 
the  like,  the  Surplus  War  Property 
Division  of  U.  S.  Treasury  Pro¬ 
curement  is  doing  business  in  such 
surplus  war  properties  as  radio 
tubes,  professional  and  scientific 
instruments  and  apparatus,  coin 
operated  machines,  radio  broadcast 
receivers,  and  battery  charging 
generators. 

To  keep  posted  on  merchandise 
available,  write  to  the  nearest  re¬ 
gional  office  and  ask  to  be  put  on 
the  appropriate  mailing  list  Re¬ 
quests  should  be  accompanied  by  a 
statement  of  the  specific  merchan¬ 
dise  lines  normally  manufactured 


Makat  H  easy  to  woM  light 
gowgo  woffc 


You  can  get  complete  information  from 
Mid-States  Equipment  Company,  2429  South 
Michigan  Avenue,  Chicago  16,  Illinois. 
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Built  to  take  it . . .  anywhere . . .  anytime! 


9  0^0  Techrad  LRR-4  is  built  to  take  it  under  Techrad  LRR-4  will  work  in  any  climate.  It  offers  a 
any  and  all  conditions. This  Techrad  receiver  has  F.C.C  high  degree  of  resistance  to  tropical  humidity  and  to 
approval  for  low  radiation,  but  there  are  many  more  tropical  organisms  because  LRR-4  transformers  are  her- 

reasons  why  it  is  winning  such  general  acceptance.  metically  sealed. . .  and  LRR-4  wiring  and  terminal  boards 

Techrad  LRR-4  is  built  to  insure  uninterrupted  per-  are  completely* Anti-Fungus  treated.  It  will  also  stand  up 


formance  under  the  most  drastic  condi¬ 
tions  of  service  . . .  anywhere  in  the  world. 
Because  of  its  massive  and  rugged  con¬ 
struction,  it  can  be  counted  on  to  get 
there,  and  to  get  there  intaa.  It  will  stand 
transshipment  on  the  bang- slam  carriers 
found  in  remote  places  and  be  ready  to  go 
into  service  upon  arrival  at  its  destination. 


TECHRAD 


under  severe  duty  at  sea,  because  LRR-4  is 
capable  of  withstanding  the  Salt  Spray  Test. 
Techrad  LRR-4  is  available  in  a  number 
of  different  models  which  cover  a  variety 
of  frequency  ranges. 

*  •  •  •  • 

MASTER  ENGINEERING  TAKES 
NOTHING  FOR  GRANTED. 


Technical  Radio  Company 

Over  tee  ymar$  of  cenfinwows  experience 

275  Ninth  Street  •  San  Francisco  3,  California 

Export  Ag9nH;  Froior  &  HonMit.  301  Cloy  St.,  Son  FranciKo  11,California,  U.S.  A. 
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If  you  have  a  post-war  produc¬ 
tion  problem  involving  elec¬ 
tronic  devices  or  sub-assemblies 
in  quantity,  our  broad  experi¬ 
ence  in  the  design  and  manu¬ 
facture  of  electronic  equipment 
may  offer  the  best  answer.  Your 
inquiry  will  put  you  under  no 
obligation. 


Launched  from  on  LST  at  Anxio  beach¬ 
head,  a  duck  aimilar  to  this  bore  the 
first  radio  station  to  speak  to  the  Amer¬ 
ican  public  from  a  front  line  position. 


The  No.  37104 
Terminal  Strip 

is  ■  sturdy  four-terminal  strip  of 
melded  black  Oeneral  Electric  Texta- 
IHe  much  used  on  present  preductien 
Army  and  Navy  equipment.  Barriers 
between  contacts.  "Non  turning” 
studs,  threaded  •/ 32  each  end. 


JAMES  MILLEN 
MFG.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN  . 

MASSACHUSETTS 


or  bougrht  for  resale.  Regional 
offices  are  located  in  Boston,  Wash¬ 
ington,  Chicago,  Atlanta,  Kansas 
City,  Seattle,  New  York,  Cincin¬ 
nati,  Denver,  Fort  Worth  and  San 
Francisco.  Capital  and  producer’s 
goods  are  being  distributed  by  Re¬ 
construction  Finance  Corp. 


Brazilian  Radiophone 
Network 


The  capitals  of  all  states  and  ter¬ 
ritories  of  Brazil  will  be  linked 
together  into  one  comprehensive 
radiotelephone  network,  under  the 
terms  of  a  decree  recently  issued  by 
President  Getulio  Vargas. 

Existing  internal  radio  and  wire 
lines  are  to  be  supplemented  by  new 
equipment  built  and  operated  by 
a  subsidiary  of  International  Tele¬ 
phone  &  Telegraph  Corp. 

Since  Brazil  has  no  connections 
between  the  central  sections  of  the 
country  around  Rio  de  Janeiro, 
Sao  Paulo,  and  Santos  by  land-wire 
telephone  to  the  south,  north,  and 
west  areas  of  the  Republic,  the  new 
facilities  will  fill  a  long-felt  need. 
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Post-War 
Need  For 
Electronic 
Controls  or 
Assemblies 


Communication  in  the  Navy 

Morse  code  is  featured  heavily  in 
the  communication  procedures  of 
our  Navy  according  to  comment 
made  by  Rear  Admiral  Joseph  R. 
Redman,  Director  of  Naval  Com¬ 
munications,  during  recent  cere¬ 
monies  marking  the  anniversary  of 
the  telegraph. 

He  pointed  out  that  it  is  not  even 

a  •  • 


ON  THE  AIR  FROM  A  DUCK 


It  was  designated  by  the  coll  JJRP  and 
soon  became  known  as  Jig  Jig  Roger 
Peter  to  the  Army.  The  transmitter  used 
was  an  SCR-299,  made  for  the  Signal 
Corps  by  Hallicrafters  Co..  Chicago.  III. 


BELL  SOUND  SYSTEMS,  INC 

118f  Essex  Av«.  CelumbHs  3.  Okie 

Export  Off.  4900  EucliS  Am.,  Ctmland  3 


Amng  oir'frtsail  pridK^  m 


•  Electmic  Somid  D«vSc«s  «  letc^ 
commvnicotins  Systems  •  iMdestrisI 
Voice-Pajfies  and  Bromdnsttss 
Eqelpment  •  Permoxeiit  oed  Port¬ 
able  AmplHylnq  Systems  •  Rccerd- 
ing  oad  Disc-Ptoyiag  Units  •  Ssc- 
tronic  Cantreis  •  Operoilsj 
Sequence  Recorders  •  Otbsr 
Special  Electronic  Devices. 


pflnofifliiiic 


SHOWS 


FREQUENCIES 


AT  ONCE 


imic  reception  is  defined  as  tW  SIMULTANEOUS  VISUAL  reception 
multiplicity  of  radio  signals  ^er  a  broad  band  of  frequencies.  It  is  a 
nique  that  literally  allows  Mou  to  see  what  you  are  missing.  In  com* 
nicoflons,  for  example,  v^e  ordinarily  only  one  station  may  be  received 
one  time,  with  Ponoromfc  reception,  the  presence  and  characteristics  — 
jnal  strength,  frequ^5cy  stability,  modulation,  etc.  —  of  a  number  of 
^atio~-s  may  be  se^  concurrently. 

In  other  applj^tlons,  as  well.  Panoramic  reception  permits  you  to  see 
what  you're^issing.  In  direction  finding,  signals  too  weak. to  give  an 
aural  in^cotlon  can  be  made  to  give  a  satisfactory  bearing  with  its 
use.  bi  transmission,  field  strength  and  frequency  of  transmitter 
c<^be  accurately  compared  with  a  standard  signal.  And  in  produc- 
y^ion.  Panoramic  reception  may  be  utilized  to  compare  components 
j  with  a  standard. 

explain  to  you  the  principle  of 
\  Panoramic  technique,  and  how  it  may  be  used  to  your  advantage. 
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you  want 


•  CRYSTALS 

•  CABLES 

•  HARNESSES 

•  ELECTRONIC 

ASSEMBLIES 

•  CABINETS 


Telephone  Peru,  Indiana 


Serving  the  Radio  and  Electronic  Industries  with  precision  engineered  products. 


General  Offices:  PERU,  inDIOnfl 

Cable  assembly  Division:  ROCHESTER.  inOlflllfl 


possible  to  maintain  peacetime  spe 
of  transmission  since  the  weaken 
link  in  the  chain  must  be  consid 
ered.  Also,  since  radio  silence  m  i; 
be  in  effect,  a  repeat  or  verificati-.' 
cannot  be  requested.  Therefore 
transmission  goes  on  at  a  rate 
about  fifteen  words  a  minute.  j 
Certain  unspoken  agreements  ex  j 
ist  within  radio  communication.  A1 
though,  as  he  pointed  out,  effective 
jamming  methods  for  enemy  trans 
missions  have  been  developed,  very 
little  of  it  has  been  done  because  of 
the  fear  of  retaliatory  tactics.  Fre¬ 
quency  assignments  are  still  regis¬ 
tered  with  the  Berne  Bureau,  and 
not  long  ago  our  State  Department 
received  via  that  organization  an 
objection  to  some  proposed  fre¬ 
quency  restriction  from  the  Ger¬ 
man  Government. 


STURDILY  BUILT  FOR  DEPENDABLE  PERFORMANCE 


and  dependable  performance  of 
these  Assemblies.  Currently,  vital 
industries  can  get  deliveries  of 
custom  assemblies  within  3  weeks 
if  no  special  blanking  dies  are 
needed.  Every  conceivable  type 
of  Dial  Light  is  available  ...  all 
measuring  up  to  the  same  high 
DRAKE  standards.  Please  refer 
to  newest  catalog  for  details  about 
our  complete  line. 


Drake  Assemblies  are  widely 
known  for  their  unfailing  de¬ 
pendability.  However  severely 
they  may  be  used,  these  fine  Pilot 
Lig^t  Assemblies  keep  on  giving 
economical  trouble-free  service. 
For,  quality  is  inherent  in  every 
detail  of  their  design  and  preci¬ 
sion  manufacture.  DRAKE’S  pat¬ 
ented  features,  developed  by  our 
researdi  engineers,  also  add 
greatly  to  the  efficiency,  economy 


BUSINESS  NEWS 

Federal  Telephone  &  Radio  Corp, 
converts  3000  sq  ft  of  space  at  333 
North  Michigan  Ave.,  Chicago,  111. 
to  the  purposes  of  its  midwestern 
activities. 

Name  of 


knd  electronic 


radio 

equipment  making  Phil-AmericsB 
Inc.,  New  York,  N.  Y.,  is  changed 
to  Philharmonic  Radio  Corp.  Neif 
location  is  528  East  72  St.,  New 
York  21,  N.  Y. 

In  Chicago,  Ill.,  a  new  company  is 


make  transformers,  chokes,  and 
wave  filters,  besides  providing 
consultation  on  apparatus  design. 

Colonial  Radio  Corp.  Buffalo,  N.  Y. 
becomes  a  wholly-owned  subsid¬ 
iary  of  Sylvania  Electric  Products 
Inc.  by  purchase  of  capital  stock. 
No  personnel  changes  are  in- 
volved- 

Partial  ownership  of  Progressive 
Welder  Co.,  Detroit,  Mich.,  is 
transferred  to  the  employees 
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We  assemble  these  elements  into  stacks  of 
varying  sizes,  to  do  innumerable  power- 
conversion  jobs.  Typical  applications  of 
B-L  Metallic  Rectifiers  range  all  the  way 
from  tiny  stacks  for  sensitive  control  de¬ 
vices  to  huge  assemblies  for  giant  indus¬ 
trial  power  units. 

No  matter  what  rectifier  applications  you 
are  considering,  B-L  will  be  glad  to  work 
with  you.  Selenium  and  Copper  Sulphide 
Rectifiers  for  all  needs  are  available. 

Write  for  Bulletin  No.  98 


Designers  a  manufattvren  of  Copper  Sulphide  &  Selenium  Rectifien,  Battery  Chargers,  and  0.  C.  Power  Supplies  for  prattically  every  requirement 


ST.  LOUIS  3,  MO 


THE  BENWOOD  LINZE  CO. 


TJ  T  SELENIUM  RECTIFIER  PLATES  are 
made  in  diameters  from  %  inch 
to  4%  inches.  B-L  Copper  Sulphide  Junc¬ 
tions  are  made  from  inch  to  1  %  inch. 


)NICS 
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Time  is  precious- 

plan  TODAY  FOR 
TOMORROW 

Timing  is  vital  today— indispen* 
sable  tomorrow! 

Compart,  rugged  and  with  ex* 
treme  flexibuily,  Haydon  timing 
motors  lead  tbe  6eld.  Manufac* 
tured  to  your  speciEc  voltage, 
frequency,  speed  and  torque  re- 
^  quirements,  tbey  are  available 
witb  brake  for  instant  stop  — re* 
versible,  and  with  shift  device  for 
automatic  reset. 

Whatever  Your  Timing  Problems 
May  Be ...  our  timing  engineers 
are  ready  and  willing  to  help  you 
solve  them  —  Just  drop  a  line  to 
our  Timing  Engineering  Serviee 
Department. 


AC  TIMING  MOTO  i 
ATallable  450  RPII 
(•r  CMtor)  M  1  nev, 

faetarcS  tm  jraar 
•peeiSc  vahage, 
rrv^acBCy,  apcol 


3C 

Portil 


RaythMn  ^  Production  Corp. 

.  chafes  ita  name  to  the  Radio  Re- 
ceivinif  Tube  Div.,  Raytheon  Mfg. 
Co. 

With  the  formation  of  a  subsidiary 
company,..  RKO  Television  Corp., 
Radio-Keith-Orpheum  Corp.  re¬ 
lates  its  production  and  program¬ 
ming  facilities  to  video. 

I  Carbonyl  iron  powder,  used  in  the 
j  making  of  cores  for  inductive  de- 
I  vices,  is  being  made  in  this  coun¬ 
try  by  General  Aniline  &  Film 
Corp.,  New  York,  N.  Y.  The  com¬ 
pany,  seized  from  German  owner¬ 
ship,  is  supplying  the  entire  de¬ 
mand  for  the  material  which  was 
formerly  imported  from  (Jermany. 
Other  products  include  Polectron 
resins  used  in  the  manufacture  of 
paper  capacitors. 

Addition  of  twelve  RMA  members 
I  results  in  a  peak  record  of  210. 
I  New  affiliates  are  Consolidated 


TiSYdon 

ftSuMNC  saa^cc 


A  lib.  BILLET  OF  ALLOY 

maMed 

106  MILES  a/ 

JELLIFF  ALLOY  "C”  WIRE 

•  (.0008)  /  .  ' 


2>‘'ianut 
In  tlte. 

JEUIFF 

MILL 


THE  C.  0.  JELLIFF  MFG.  CORP. 


SOUTHPORT -CONN 

SPECIALISTS  IN 

F/NE  WIRES 


Augusf  — ELECTRONICS 


turing  facilities  in  a  number  of 
eastern  and  midwestern  states. 
Among  them  are  Signal  Corps 
wire  operations  at  Lowell,  Mass. 

Grayhill  is  the  brief  name  of  a 
new  company  organized  in  Chi¬ 
cago,  Ill.,  with  general  offices  at  1 
North  Pulaski  Road  and  manufac¬ 
turing  establishment  in  La  Grange, 
Ill.  Products  are  to  include 
mechanical  and  electrical  switch¬ 
ing  devices. 

In  Boston,  Mass.,  General  Control 
Co.  removes  to  a  new  office  and 
plant  at  1200  Soldiers  Field  Road. 
Facilities,  which  occupy  several 
times  the  space  available  at  the 


previous  location,  include  an  en¬ 
larged  engineering  department, 
new  laboratory  equipment  for  the 
development  and  testing  of  elec¬ 
trical  and  electronic  products,  and 
an  assembly  hall  for  engineering 
meetings. 


Radio  station  KEX,  Portland, 
Ore.,  is  sold,  subject  to  FCC  ap¬ 
proval,  by  the  Portland  Oregonian 
to  Westinghouse  Radio  Stations 
Inc.  Price  was  $400,000. 


1025>  t 


1025-15 


1025-t6 


I<tt5-  4 


1025-17 


102540 


1023-  6 


1025-  7 


1025-20 


1025-23 


1025-  t 


1025.10 


1025-22 


1025-21 


1<«5-11 


1025-12 


1025J4 
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COLE  STEEL  EQUIPMENT  CO. 

349  BROADWFAY,  NEW  YORK  13,  N.  Y. 


FACTORY:  BROOKLYN,  N.  Y, 

*  ■  A.  ,  .-: 


SPARE  PARTS  ROXES 


bAKFUTC  SOCKET 
NAVY  SPEC.  17P4-CFG 


Radio  Products  Co.,  Chicago,  Ill.; 
Crystal  Research  Laboratories, 
Hartford,  Conn.;  Electronic  Lib- 
oratories,  Indianapolis,  Ind. ;  Eh^. 
tronic  Engineering  Co.,  Chicago, 
Ill.;  Electronic  Tube  Corp.,  Phila¬ 
delphia,  Pa.;  General  Electronics 
Inc.,  New  York,  N.  Y.;  Seleniiin 
Corp.  of  America,  Los  Angeles, 
Calif.;  M.  Simons  &  Son  Co.,  New 
York,  N.  Y.;  Mark  Simpson  Mfg. 
Co.,  New  York,  N.  Y.;  Universal 
Microphone  Co.,  Inglewood,  Calif,; 
Viewtone  Co.,  New  York,  N.  Y.; 
and  Winters  &  Crampton  Corp., 
Grandville,  Mich. 


■AKELITE  BASE  f.  PILOT  LI 

for  110  volt  operation 

This  new  light,  with  I"  jewel,  is  available 
models;  No.  1032  faceted  iewel;  No.  1033  pl< 
and  No.  1034  frosted  jewel,  colored  disc.  So( 


PERSOMSEL 

At  Summit,  N.  J.,  F.  H.  Shepard 
Jr.  opens  his  new  office  and  labor¬ 
atory  for  consultation  on  such 
electronic  specialties  as  industrial 
control,  servo  mechanisms,  special 
amplifiers,  and  photoelectric  ap¬ 
plications. 

Permoflux  Corp.,  Chicago,  III. 
gives  responsibility  for  develop¬ 
ment  on  acoustic  transducers  to 
new  chief  engineer,  Raymond  C. 
Bierman,  former  studio  field  engi¬ 
neer  with  NBC. 

Louis  Dolinko  joins  the  engineer¬ 
ing  staff  of  United  Electronics  Co, 
Newark,  N.  J.  He  has  been  an  in¬ 
structor  in  radio  engineering  at 
Scott  Field,  Ill. 

In  Brooklyn,  N.  Y.  Amperex  Elec¬ 
tronic  Products  adds  to  its  engi¬ 
neering  staff  John  F.  Dryer  Jr, 
previously  chief  of  the  electrical 
research  department,  Duramold 
Div.,  Fairchild  Engine  &  Airplane 
Corp. 

The  Rochester,  N.  Y.,  section  of 
AIEE  elects  to  chairmanship 
Oliver  L.  Angevine,  radio-tele¬ 
phony  engineer  of  Stromberg- 
Carlson  Co.  Manager  of  research 
and  engineering  at  the  same  com¬ 
pany,  Dr.  George  R  Town  become? 
treasurer  of  the  section. 

Caxton  Brown  succeeds  Edward  F. 
Weston  to  the  presidency  of 


Atk  for  tho  now 
Gotliard  Cotalot 
of  othor  aiodoU. 


1310  North  Niath  St. 
Spriagtiold,  Illinois 


ENGINEERS;  Here’s 
the  BIG  POINT  about 

AMPERITE 

RtGUlATORS 


J  I  battery 

voltage  fluctuation  from 

by 

humidity. 

3.  Compact  .  .  .  light  .  .  . 
and  inexpeiuive. 

^Used  by  U.S.  Army.  Navy, 

and  Air  Corps. 

Wlay  relays  S  For  delays  from  1  to  100  seconds. 

Hermetically  sealed.  Unaffected  by  altitude. . . .  Send  for  catalogue  sheet. 

^^  NEWl  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems; 
contains  much  valuable  data  in  practical  form  —  Write  for  your  copy  now. 


Newark,  N.  J.  Mr.  Weston  be¬ 
comes  chairman  of  the  board. 

In  the  electronic  apparatus  sec¬ 
tion  of  RCA  Victor  Div.,  Radio 
Corp.  of  America,  Camden,  N,  Jh 
Walter  L.  Tesch  becomes  applica¬ 
tion  engineer  while  Thomas  F. 
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is  our  business! 


Every  move  our  fighters  make  on  land,  at  sea  or  in  the  air 
jr  is  based  on  eommunications.  Men  depend  not  only  for  their 
orders  but  for  their  very  lives  on  radio  and  telephone  and  many  other 
communications  devices. ^In  every  battle,  on  every  front  including  the 
home  front,  you’ll  find  apparatus  made  by  Western  Electric  —  the  nation’s 
largest  producer  of  electronic  and  communications  equipment  for  war. 

.V 

Buy  all  the  War  Bonds  you  can — and^keep  all  the  War  Bonds  you  buy! 


Western  Electric 


ARSENAL  OF  COMMUNICATIONS  EQUIPMENT 


> 
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tomorrow. 


You  Can  Get  Them 


GOULD-MOODY 

“Si^ic^Sc^ 

CLASS  BASE 
INSTANTANEOUS 
RECORDING  BLANKS 


The  tributes  paid  to  “Black  Seal" 
discs  by  many  leading  engineers 
have  been  earned  by  distin¬ 
guished  service  on  the  turntable 
Your  ears  will  recognize  the  dif¬ 
ference  in  quality  of  reproduc¬ 
tion,  and  the  longer  play-back 
life  will  prove  the  superiority  of 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchangeable  with  aluminum, 
or  medium  weight  —  both  with 
four  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 
schools.  Endosure  of  your  prior¬ 
ity  rating  will  facilitate  delivery 
Old  Alaadsiiai  Blanks  Bseeatsd  with 
"Bleek  Sool*'  Femula  on  Short  Motico 


BfCOBOINO  BL4NK  DIVISION 
Iff  BROADWAY  •  NfW  YORK  13.  N.  T. 


nrvoir  osrr.  roval  national  comfant.  imc 

•*  Mra*S  HMET,  M.  T. 


henna  becomes  commercial  engi¬ 
neer  on  high-frequency  induction 
heating  equipment.  Mr.  Tesch  has 
been  manager  of  the  record  engi¬ 
neering  department.  Mr.  Kenna 
comes  from  Van  Norman  Machine 
Tool  Co. 

At  Lord  Mfg.  Co.,  Erie,  Pa.,  Leon 
Wallerstein  Jr.  advances  to  de¬ 
velopment  engineer  in  charge  of 
the  development  laboratory.  Paul 
C.  Roche  becomes  chief  field  engi¬ 
neer  and  R.  C.  Henshaw  takes  over 
the  function  of  chief  engineer. 


E.  J.  Rehfeldt  (above)  is  manager 
of  planning  and  production,  and 
Harry  Holubow  (below)  chief  en¬ 
gineer  of  Electronic  Mfg.  Co.,  Chi¬ 
cago,  Ill.  Both  have  been  with 
Thordarson  Electrical  Mfg.  Co. 


This  colorful  new  book  tells  how  paper 
is  being  employed  to  improve  products, 
lower  costs  and  increase  production.  It 
explains  what  Electrical  Papers  and 
other  Industrial  Papers  are,  how  their 
physical  properties  can  be  controlled 
to  fit  an  amazing  variety  of  purposes, 
and  contains  a  list  of  68  Industriol 
Papers,  their  characteristics  and  uses 
in  industry. 


irS  FREE!  WRITE  FOR 
YOUR  COPY  TODAY. 

This  book  moy  contain  the 
solwtion  to  your  produc¬ 
tion  problom  of  todoy  or 


CENTRAL  PAPER  COMPANY 

INCORPORATED 

2460  lAKESHORE  DRIVE,  MUSKEGON,  MICH. 
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K-100-2B 

Capacity  100  mmf 
Spacing  .022" 


MOMIE  RECEIVERS  —  Crystal 
conirollad  suparhalarodynat 
for  modium  ond  high  frequan- 
ci«t.  Easy  to  sorvic*. 


CRYSTALS—  low-drift  quorli 
plotos.  Fundomontol  and 
harmonic  typos  avoiloblo  in 
vorious  holders. 


TRANSMITTERS  — AAobilo, 
morino,  and  control  station 
transmiltors  for  medium  and 
high  frequencies.  Instant 
heating,  quickly  serviced. 


MICROPHONES-Type  4-C 
siftgle  button  corbon.  Su¬ 
perb  voice  quolity,  high 
output,  moisture- resistont. 


ELECTRONICS  — ^wgiisf  '1944 


K- 150-050 


Use  this  reliable 
West  Coast  source  for 
Variable  Air  Condensers 

Kaar  Engineering  Company  now 
offers  prompt  cielivery  of  stand¬ 
ard  and  special  types  of  variable 
air  condensers  suitable  for  many 
applications  in  radio  transmitters 
and  receivers.  They  are  particu¬ 
larly  useful  as  tank  and  antenna 
tuning  capacitors  in  low  and  me¬ 
dium  power  transmitters. 


The  small  cross-section  of  Kaar 
condensers  allows  a  number  of 
them  to  be  assembled  in  multi¬ 
channel  radio  equipment  in  a 
minimum  amount  of  space.  Every 
Kaar  capacitor  is  substantially 
constructed  with  soldered  and 
plated  brass  rotor  and  stator  plates. 
Shafts  can  be  furnished  slotted  for 
screwdriver  adjustment,  and  ta¬ 
pered  lock  nuts  and  split  bushings 
assure  positive  locking  without 
disturbing  the  adjustment. 

Special  types  are  available  with 
very  wide  air  gaps,  double  rotors 


and  stators,  high  maximum  capac¬ 
ities  or  special  mounting  brackets. 
Further  information  will  be  glad¬ 
ly  furnished  upon  request. 

KAAR 

ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 


Export  Agonts:  FRAZAR  AND  HANSEN 
301  Clay  Straat  •  San  Franci»co,  Calif. 


POWER  PACKS  — Haavy 
duhy  vibrator!  and  powar 
Mippliat  for  transmitter!,  r«. 
caivars.  6, 12,  32  volts  DC. 


KAAR 

VARIABLE 
AIR  CONDENSERS 

FOR  TANK  CIRCUIT 
AND  ANTENNA  TUNING 


Capacity  150  mmf 
Spacing  .050" 


fr4r 


K-140 

Maximum  Capacity  140  mmf 
Minimum  Copacity  6  mmf 
Has  29  plates  spaced  .022" 
(Photo  IK  times  actual  siiei 


I 


Walter  T.  Hopewell  joins  Lavoie 
Laboratories,  Morganville,  N.  J.  as 
general  manager.  He  has  been 
with  ANEPA,  and  before  that. 
U.  S.  Rubber  Co. 

At  Eutectic  Welding  Alloys  Co., 
New  York,  N.  Y.,  Clinton  E.  Swift 
joins  the  organization  as  assistant 
manager  in  the  engineering  and 
research  department. 

New  manager  of  the  switchgear 
and  control  division,  Westing- 
house  Electric  &  Mfg.  Co.,  is  J.  B. 
MacNeill,  former  manager  of 
switchgear  engineering.  He  suc¬ 
ceeds  R  A.  Neal,  now  vice  presi¬ 
dent. 

From  the  Montana  School  of 
Mines,  where  he  has  been  profes¬ 
sor  of  physics,  Dr.  Daniel  Q.  Posin 
goes,  to  the  Radiation  Laboratory 
of  Massachusetts  Institute  of 
Technology  as  a  physicist  and 
staff  member  concerned  with  war 
project  research  on  high-fre¬ 
quency  techniques. 

Within  the  Signal  Corps,  Briga¬ 
dier  Generals  William  S.  Rum- 
bough,  chief  signal  officer  in  the 
European  theater  of  operations, 
and  George  L.  Van  Deusen,  com¬ 
manding  general  of  the  Eastern 
Signal  Corps  Training  Center  at 
Fort  Monmouth,  are  nominated  to 
the  temporary  ranks  of  major 
general. 

In  Bridgeport,  Conn.,  H.  R.  Kreut- 
ter  becomes  acting  supervisor  of 
the  technical  service  section,  re¬ 
ceiver  division.  General  Electric 
Co.  He  has  been  serving  as  a  de¬ 
sign  engineer  of  military  equip¬ 
ment.  Another  appointment  makes 
C.  G.  Fick  receiver  engineer  re¬ 
sponsible,  among  other  activities, 
for  production. 

L.  R  Thomas,  system  telegraph 
engineer  of  the  Atcheson,  Topeka, 
and  Santa  Fe  Railway,  is  ap¬ 
pointed  electronics  engineer. 

Succeeding  Captain  Maurice  Ed¬ 
win  Curtis,  Captain  William  Bron- 
ley  Ammon  assumes  the  post  of 
communications  officer  at  the 
headquarters  of  Commander-in- 
Chief  of  the  U.  S.  Fleet,  Admiral 
Ernest  J.  King. 

Frederick  A.  O’Leary  becomes 
chief  of  the  radio  and  radar  sec¬ 
tion  of  the  production  department 


l-F  TRANSFORMER 

is  a  Star 

Performer  . 


Here  is  a  small  (pictured  actual  size),  permeability-tuned,  precision- 
built  I-F  Transformer  that  is  performing  brilliantly  in  a  number  of 
important  war  applications.  Now  available  for  more  general  use,  you 
may  be  able  to  use  it  to  good  advantage  on  some  of  your  present  or 
projected  components.  In  any  event,  you  should  have  the  complete 
story  on  this  simple,  precise  transformer  in  your  files. 

For  complete  information,  specifications,  quotations  and  delivery 
'estimates  on  diis  LS-1  Transformer,  write 


CAMBRIDGE  /ke^UHlOHCC  CORPORATION 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASS. 


War  work  has  expanded  Triplett  production  far 
beyond  previous  capacities  and,  with  the  experience 
of  more  than  forty  years  of  instrument  manufactur¬ 
ing,  has  bettered  ttie  Instruments  coming  off  the 
production  lines. 

Now — better  instruments  are  ready  for  general 
use.  Place  your  orders,  at  once,  with  Triplett — 
headquarters  for  instruments  made  to  one  fine 
standard  of  engineering. 


*  O'Arsonval  Moving  CojI  D.C 
Instrumonts 

*  Doubit  Iron  Repulsion  A  C. 
Instruments 

*  Electrodynamometer  A.C.-D.C. 

*  R.f.  and  Rectifier  Types, 

Sizes  2'  through  V 


TRIPLETT  ELECTRICAL  INSTRUMENT  CO 

■  LUFFTON  •  OHIO 
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MICRO  SWITCHES 


NINE  SEALED  METAL-CLAD 


used  by  REHNBERG-JACOBSON  MANUFACTURING  COMPANY 
to  control  operation  of  this  automatic  drilling  and  reaming  machine 


Rehnberg-Jacobson  Company  of  Rockford,  Illi- 
nois,  use  nine  sealed  metai-clad  Miao  Switches  at 
strategic  points  to  control  the  operation  of  their ^ 
Automatic  Drilling  and  Reaming  Machine.  Tlus 
machine  drills  and  reams  20  holes  in  sequence  in 
the  reduction  gear  pinion  carrier  for  an  aircraft 
engine.  The  Type  RN  Micro  Switches  used  are 
sealed  against  the  entrance  of  oil,  dirt,  and  chips. 

The  piece  is  held  in  a  fixture  mounted  on  a  stand¬ 
ard  Rehnberg  20'  automatic  index  unit  which  is 
controlled  by  an  11-step  program  wheel.  On  the 
first  step,  the  reamers  rest;  on  the  last  step,  the 
drills  rest.  There  are  four  horizontally-mounted 
heads,  two  for  drills  and  t^o  for  reamer*,  paired 
alike  to  drill  two  holes  and  ream  two  holes  si¬ 
multaneously. 

The  five  metal-clad  Micro  Switches,  shown  on  the 
front  of  the  machine,  control  the  electrical  circuit. 
The  two  innermost  switches  of  the  left  hand  group 
control  the  program  of  the  drilling  and  reaming 
units.  The  third  switch  of  the  group,  directly  in 
front,  terminates  the  machine  cycle  after  all  drilling 
and  reaming  operations  have  been  completetl.  The 
lower  right  hand  switch  stops  the  automatic  index 
motor  after  each  index  cycle  is  completed.  The 
upper  right  hand  switch  permits  the  machine  cycle 
to  be  started  only  at  the  proper  position  of  the 
indexed  table. 

The  four  Micro  Switches  mounted  above  each  of 
the  four  units  of  the  machine  electrically  interlock 
the  machine  in  such  a  way  that  should  either  the 
drills  or  the  reamers  fail  to  retract  from  the  work, 
the  automatic  index  table  will  not  index  and  break 
the  tools. 

Rehnberg-Jacobson  Company’s  use  of  Micro 
Switches  for  this  important  operation  is  typical  of 
the  many  uses  which  design  engineers  are  finding 
for  this  tiny,  accurate,  snap-action  electric  switch. 
They  find  that,  more  than  any  other,  it  meets  mod¬ 
ern  needs  for  a  switch  to  control  substantial  amounts 
of  power  yet  operate  in  small  space. 

Thousands  of  special  housings,  actuators  and  elec¬ 
trical  characteristics... more  than  2700. ..are  avail¬ 
able  to  meet  almost  every  design  problem.  Send 
for  Micro  Switch  Handbook-Catalog  No.  60  today 
for  full  particulars.  If  your  design  is  for  aircraft, 
send  for  Handbook-Catalog  No.  70  also. 


The  basic  Micro  Switch  is  a  thumb- 
size,  feather-light,  plastic  enclosed, 
precision,  snap-action  switch.  Un¬ 
derwriters'  listed  and  rated  at  1200 
V.A.  at  125  to  460  volts  a-c.  Capac¬ 
ity  on  d-c  depends  on  load  charac¬ 
teristics.  Accurate  repeat  perform¬ 
ance  is  experienced  over  millions  of 
operations.  Wide  variety  of  basic 
switches  and  actuators  meets  require¬ 
ments  varying  from  high  vibration 
resistance  to  sensitivity  of  operating 
force  and  motion  as  low  as  2/1000 
ounce-inches.  Many  types  of  metal 
housings  are  available. 


"Ums  Unliinilsd" — a  dramatic  talking  motion  pic- 
'uro  of  Micro  SwitetMs,  in  color,  is  avaiiabie  to 
industrial  groups,  training  clossos,  schools  and 
tollogos,  through  Y.M.C.A.  Motion  Picture  Bu-i 
rcau.  New  York,  Chicago,  Son  Francisco.  Size, 
16  mm.  length:  40  minutes.  Write  us  for  details. | 


Micro  Switch  Corporation,  Frneport,  III. 

Branches:  43  E.  Ohio  St.,  Chicago  (11)  •  4900  Euclid  Ave.,  Cleveland  (3) 

11  Park  PI.,  New  York  City  (7)  •  1709  W  8th  St.,  Los  Angeles  (14) 

Sales  &  Engineering  Offices:  Boston  •  Hartford  «  Portland,  Ore.  •  Dallas,  Tea. 


Let's  All  Back  the  Attack- 
Buy  EXTRA  War  Bonds 


The  tredemerk  MICRO  SWITCH  is  our  property  and  identifies  switches  mode  by  Micro  Switch  Corporation 


MICRO  m 


SWITCH 


imes 

sec- 

nent 


Made  Only  By  Micro  Switch  Corporation  .  .  .  Freeport,  Illinois,  U.  S.  A 


>NICS 


WORCESTER,  MASSACHUSETTS 


in  the  regional  office  of  WPB,  Bos¬ 
ton,  Mass.  He  was  previously 
assistant  chief  and  formerly  with 
Raytheon  Mfg.  Co. 

Andrew  Co.,  Chicago,  Ill.,  puts 
Walter  F.  Kean  in  charge  of  a  new 
division  which  will  supply  field 
engineering  and  allocation  service 


SPINTITES  ARE 
REAL  SPEED  UP 


TOOLS*  This  is  the 

WRENCH  that  works 
like  a  SCREW  DRIVER 

Standard  sizes  for  Hex* 
agon  nuts  or  headed  m 
screws  .  .  .  special  m 
SPINTITES  for  square  # 
or  Vnurled  nuts.  Han*  m 
dies  are  either  fixed  # 


to  a-m  and  f-m  broadcasters.  Mr. 
Kean  has  been  in  charge  of  testing 
on  radio  and  radar  projects  for 
Western  Electric  Co.  ‘ 


Within  RMA,  Raymond  C.  Cos¬ 
grove,  vice  president  and  general 
manager  of  Crosley  Corp.,  be¬ 
comes  president  to  succeed  Paul 
V.  Galvin.  Expansion  of  the  board 
of  directors  from  27  to  34  involves 
the  election  of  Herbert  A.  Bell  of 


Raymond  C.  Cosgrore.  right,  receives 
the  gavel  irom  retiring  RMA  president, 
Paul  V.  Galvin 
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ALSO 

FLECT 


INSIDE  ELECTRONIC  TUBES 
CAN  CAUSE  TROUBLE  TOO 


Foreign  matter  within  an  Electronic  Tube  was  always 
a  hazard.  Now,  with  the  tendency  toward  miniature 
tubes  and  smaller  parts  with  less  distances  between 
them,  even  a  tiny  thread  of  lint  free  in  the  glass 
enclosure  can  prove  very  damaging. 

The  TUNG-SOL  regular  procedure  of  washing  and 
baking  all  mounts  and  glass  enclosures  just  before 
sealing  has  proven  a  more  than  worth  while  precaution. 
It  not  only  removes  all  dirt  and  dust  and  lint  from 
component  parts  but  at  the  same  time  removes  any 
deposit  of  harmful  salts  that  might  poison  the  emission 


of  electrons  from  the  filament. 


This  hnal  cleaning  is  just  one  /  Swm 

of  the  innumerable  practices  ^ 

instituted  by  TUNG-SOL  re¬ 
search  and  detelopment  engineers,  who  have  given 
TUNG-SOL  Electronic  Tubes  their  ruggedness,  long 
life,  efficiency  and  uniformity.  These  characteristics 
are  important  to  both  manufacturers  and  users  of  elec¬ 
tronic  devices.  These  engineers  are  available  to  you  to 
assist  in  the  designing  of  circuits  and  in  the  selection  of 
the  tubes  that  will  do  your  job  most  efficiently. 


EVERY  DAY  15  WASH  DAY 


A  continuous  flow  of  hot 
w'ater  is  introduced  through 
the  bottom  of  the  washing 
tank  and  is  discharged  out 
the  top  floating  the  lint  and 
foreign  matter  out  with  it. 
This  pre\’ents  contamination 
of  water.  After  washing, 
both  mounts  and  enclosures 
travel  through  a  high  tem¬ 
perature  oven,  thoroughly 
clean  and  ready  for  exhaust. 


ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

ALSO  MANUFACTURERS  OF  MINIATURE  INCANDESCENT  LAMPS,  ALL-GLASS  SEALED  BEAM  f+EADLIGHT  LAMPS  AND  CURRENT  INTERMIHORS 


FLECTRONICS 


BONDS 


Packard-Bell  Co.,  Joseph  Gerl  of 
Sonora  Radio  &  Television  Corp. 
(set  division),  Fred  R.  Lack  of 
Western  Electric  Co.,  George 
Lewis  of  Federal  Telephone  &  Ra¬ 
dio  Corp.  (transmitter  division), 
Ernest  Searing  of  International 
Resistance  Co.,  S.  1.  Cole  of  Aero- 
vox  Cor^.,  and  Monte  C^en  of 
F.  W.  Sickles  Co.,  (parts  division). 
Frank  M.  Folsom  of  RCA  Victor 
Div.  was  elected  to  succeed  Dr. 
C.  B.  Jolliffe;  R.  E.  Carlson  of 
Tung-Sol  Lamp  Works,  to  succeed 
Roy  Burlew;  and  G.  Richard  Fry- 
ling  of  Erie  Resistor  Corp.,  to  suc¬ 
ceed  George  R.  Blackburn. 

At  WABD,  DuMont  Television  sta¬ 
tion  in  New  York,  N.  Y.,  Sal  Patre- 
mio  advances  from  operating  engi¬ 
neer  to  acting  chief. 

As  an  application  engineer,  A.  H. 
Kruger  joins  Wheelco  Instruments 
Co.,  Chicago,  Ill.  He  has  been 
identified  with  industrial  heating 
and  processing  for  a  number  of 
years. 

Dr.  Ellis  R.  Ott.  recently  associate 
professor  of  mathematics  at  the 
University  of  Buffalo,  becomes  ex¬ 
ecutive  engineer  and  assistant  to 


the  director  of  engineering  at  Na¬ 
tional  Union  Radio  Corp.  His 
headquarters  will  be  at  the  re¬ 
search  and  development  labora¬ 
tories,  Newark,  N.  J. 

ABOUT  25  PERCENT  of  the  pr 
war  personnel  of  broadcasting  st.  - 
tions  and  networks  are  in  uniform. 
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ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


s\xt 


which  Standard 

weights  ^  ot 

pieces.  I*'- 
tractions.*'  • 


er.  fOR  DtTWC 


.  .j,  thread*. 

special.  ^**^'ontasten- 
ot  cold* 

•fg'SK.boS! 

output. 


*  *  dec.  equi--  output-  — 

pieces.  ^riteiorit. 

tr*ctions.et  ^ 

„  HOSWOOO  «•  ^ 


★  ^  »u«US  BUY  MORE  WAR 


RODUCTION 


Here  in  one  Timer  are  combined  all  the  uses  learned  on  the 
production  fronts  of  industries  engaged  in  war  work.  The 
Automatic  Reset  Time  Delay  Timer  is  designed  for  application 
on  alternating  circuits  where  an  adjustable  or  fixed  time  delay 
between  the  closing  of  a  circuit  and  the  predetermined  closing 
or  opening  of  another  circuit  is  required. 


Some 

Typical 

Uses 


•  Control  of  hoot  applications 
o  Convoyors 

•  X-RAY  Timing 

•  Ciosinq  plato  ekcnits  (oloctronie 
dovicos) 

•  Timo  soqnonco  control  for  tlmors 
in  multiplo. 


Writ*  for  bnllotin  4  12  for  comploto  informotion  and  prices 

INDUSTRIAL  TIMER  CORPORATION 


iiO  EDISON  PLACE 


NEWARK,  NEW  JERSEY 


I 


"HERE'S  A 

DEPENDABLE  SOURCE 
OF  lASORATORy 
.  O.  C.  POWER.,/' 
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The  HARVEY  Regulated  Power  Supply  106  PA 


You’ll  find  it  ideal  for  operation  with  pulse  generators, 
measurement  equipment,  constant  frequency  applicators, 
amplifiers  and  any  other  equipment  requiring  a  constant 
flow  of  D.  C.  voltage.  . 

Designed  to  operate  from  115  volts  A.  C,  the  HARVEY 
106  P  A  has  a  D.  C.  voltage  output  variable  from  between 
200  to  300  volts  and  accurately  controllable 
to  %vithiH  one  per  cent.  A  model  of  efficiency 


and  convenience,  it  has  separate  fuses  on  each 


HARVEY 


transformer  primary  as  well  as  the  D.  C.  output  circuit:  pilot 
lights  on  each  switch;  a  D.  C.  voltmeter  for  measuring  out¬ 
put  voltage  and  a  handy  mo-prong  plug  or  binding  posts 
to  permit  easy  hook-up. 

For  complete  information  on  this  precision-built,  thor¬ 
oughly  dependable  source  of  constant  voltage,  write  for 
the  new  HARVEY  Regulated  ^  Power  Supply 
.  bulletin.  Address  your  requests  for  this  usefiil 


new  bulletin  to 


HARVEY  RADIO  LABORATORIES,  INC. 

439  CONCORD  AVENUE  •  CAMBRIDGE  38,  MASS. 

_  -  late  mews  flash  ^ 

HABVEY  OF  CAMBPID'SE  fo  foOO^VOLTf 

WRITE,  PHONE  OR  WIRE  — 
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THIS 

GUIDE-BOOK  CAN  HELP 
YOU . . .  SEND  FOR  IT  TODAY 


G«t  thia  n«w  illustratad  booklat  and 
•••  how  tb*  Adoco  organisation  and 
lacilitiM  con  msst  your  sxact  spoci- 
lications  for  close-tolsronc*  production 
oi  ports  and  ossembliss  on  a  contract 
basis.  This  hslptul  inlormation  is 
yours  tor  the  asking. 


AIRCRAFT  &  DIESEL  EQUIPMENT  CORP. 

4401  N.  RAVENSWOOD  AVE. 
CHICAGO  40,  ILLINOIS 
Your  Partnors  In  Procislon 


ARMY-NAVY  EXCELLENCE 
AWARDS 


Asrovox  Corporation 

Huntington  Precision  Prods.  DIv. 
Huntington,  W.  Va. 


Associated  Spring  Corp. 
The  Wallace  Barnes  Co. 
Rolling  Mill  DIv. 
Forestville,  Conn. 


Burgess  Battery  Co. 

United  States  Battery  Div. 
Freeport,  III. 


Hercules  Powder  Co. 
Badger  Ordnance  Works 
Bara  boo,  WIs. 


Insuline  Corporation  of  America 
Long  Island  City,  N.  Y. 


Markem  Machine  Co. 
Keene,  New  Hampshire 


Universal  Microphone  Co. 
Inglewood,  Calif. 


Ward  Products  Corp. 
Cleveland,  Ohio 


CHIEF  SIGNAL  OFFICER'S 
CERTiFICATESOF  APPRECIATION 


These  awards  are  testimonials  to  the 
contribution  of  individuals  and  organ¬ 
izations  not  eligible  for  Army-Navy 
recognition 


Dr.  Edwin  H.  Armstrong 


Western  Union  Telegraph  Co. 
American  Telephone  &  Telegraph  Co. 


RCA  Communications  Inc. 


Mackay  Radio  &  Telegraph  Co. 


Commercial  Cable  Co. 


National  Association  of  Broadcasters 


Girl  operators  of  the  Women  s  Division 
oi  the  RCAF  lake  six  months  training 
in  the  Wireless  School  at  Montraal. 
They  find  that  the  easiest  letter  to 
learn  in  Morse  is  "Q".  which  reminds 
them  of  the  first  four  notes  oi  the 
"Wedding  March" 


elemental  time  quickly  and  ac¬ 
curately. 


increases  confidence  between 
management  and  labor. 


Write  today  .  .  .  learn  how 
the  Marsto-Chron  time  study 
method  will  give  you  more  ef¬ 
ficient  production. 


-pi 


to  S 


THE  NEW 

MARSTO-CHRON 

GATHERS 


Indi 
timing 
uar  pi 
(lesigiK 


tappin 


saves  time  because  fewer  obser¬ 
vations  are  necessary. 


no  need  to  combine  elements  — 
every  motion  recorded  at  the 
instant  of  recurrence. 


P-K  Ai 

tlie  bo! 
the  tap 


piUStlC 


No  watch  to  read  .  .  .  nothing  to 
write  down  .  .  .  time  values  accurate 
up  to  .0025  can  be  read  directly,  easily 
and  accurately.  Postwar  competition 
will  demand  greater  individual  operat¬ 
ing  efficiency  based  on  new  methods 
and  more  comprehensive  time  studies. 
Now  is  the  time  to  get  set. 


low  y 
iniprov 
prefer, 
I’arker 


SE 


BAY  PRODUCTS  CORP. 

I 

171  CAMDEN  ST.  | 
BOSTON  18.  MASS-  fclVB 
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to  War  Assemblies 


ULF-TAPPINS  SCIEWS  FOI  EVEIT  METAL  ANB  PLASTIC  ASSEMBLY 


-K  ASSEMBLY  ENGINEERS 
BLITZ"  TWO  TROUBLESOME 


-  prove  the  simpler  P-R  Fastening 
Method  is  a  short  cnt 
to  stronger  instrument  assemblies 


TOUGH  JOB  TILL  TAPPING  GETS  GO-BY.  Fastening'  the  plas¬ 
tic  cover  (A)  to  the  plastic  body  was  a  toufch  job  because 
a  brass  part  lay  Ix'tween.  When  tapped  for  machine  screws, 
brass  chips  fouled  the  plastic  threads,  holding;  power  was 
poor.  P-K  Type  Screws  eliminated  both  tapping;  and 

chip  problem,  assured  a  strong  assembly. 


Industrial  Tinier  Corporation,  N.  J.,  makes  numerous 
timing  devices  widely  used  by  the  armed  forces  and  by 
war  plants.  W  ben  jdanning  tbe  assembly  of  a  newly 
designed  Running  Time  Meter,  they  first  tried  machine 
screws  for  two  “tricky”  fastenings.  Tbe  result  was  costly 
tapping  delays  and  unsatisfactory'  bolding  power. 

Familiar  witli  tbe  advantages  of  P-K  Self-tapping 
Screws  from  use  in  metal  assemblies,  they  called  in  a 
P-K  Assembly  Engineer.  By  following  his  suggestions, 
llie  bothersome  “bugs”  were  eliminated,  along  with  both 
the  tapping  operations. 

Talk  to  a  P-K  Assembly  Engineer  about  your  fas¬ 
tening  problems.  He  has  specialized  in  all  types  of 
plastic  and  metal  fastenings,  and  is  well-prepared  to 
show  you  bow  to  save  tapping  time,  prevent  breakage, 
improve  strength.  He'll  call  at  your  request,  —  or,  if  you 
prefer,  send  assembly  details  for  recommendations. 
Parker-Kalon  Corp.,  208  Varick  St.,  New  York  14,  N.  Y. 


NO  FIXTURES  -  NO  FAILURES,  now  that  P-K  Type  Screws 
are  used  to  fasten  the  brass  dial  plate  (R)  to  the  small 
hollow  brass  tubes  that  have  been  molded  into  the  plastic 
ease,  ^'ith  machine  screws,  a  complicated  fixture  would 
have  b<‘en  necessary  to  hold  the  tubes  for  tapping,  also 
tapping  the  tiny  holes  would  have  given  constant  trouble, 
f.irls  now  drive  the  P-K  Screws  easily,  without  fixtures, 
into  plain,  untapped  holes. 


•  P-K  SCREWS  ARE  SOLD  BY  GOOD  DISTRIBUTORS  EVERYWHERE  • 


TRONIC! 
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PRECISION  RADIO  AND  COMMUNICATION  EQUIPMENT 


approved 


WINSTED 


Complete  imits  or  any  con* 
poiieat  parts  now  availaMe 
on  tin  foiowing: 

NOW  M  PKOOUCTtON 
CD>318  A  JK-48  PL-68 
CD-307-A  PL-47  “A"  Plug 
CO-874  PL-54  BC-366 

JK-26  PL-55  BC-347-C 

PE-86  PL-58  SW-141 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


A  compact,  sturdy  terminal  strip  with 
Bakalite  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

6  SIZES 

cover  every  requirement.  Prom 
wide  and  13/32"  high  with  5-40  screws 
to  21/2"  wide  and  I’/j"  high  with 
l/l"-28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra¬ 
connecting  problems.  Write  today 
for  catalog  and  prices. 


*  Much  the  success  ot 
this  Hudson  Wire  product  is  due 
to  a  new  coating  method  that  gives  a 
smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  enginuuring  and  dasign  taclllflas  are  at  your 
dltpotal—detaiti  attd  quotatlon%  on  requatt. 


HOWARD  B.  JONES  COMPANY 

2460  West  Georg*  Street 
CHICAGO  18  ILLINOIS 


aBCTAONI 


mmma 


COHTIHUOUS  DUTY  IH  25*  C^MUBIEHT 

1/400  n 


1/300 

11,000 


Maximum  H.P. 


Amps.  Input 
Starting  torque  ir^ 


%  of  full  load  torque 


dimensions 


e-32  NC-2TAP 
"  6  HOLE^ 


A  This  OSIER  WOTOR 

gives  you  maximum 
K  I  performonce . . .  with 
MJ  minimum  requirement 
^  \  for  weight  and  space 


John  Oster  Mfg.  Co.  of  Illinois 

Department  L-1 7  Genoa,  Illinois 


•  You  can  depend  on  Oster  motors  to  live  up  to  the 

world-wide  reputation  of  pre-war  Oster  appliances, 
and  to  deliver  results  that  add  to  the  prestige  of 
your  product  for  war  and  peacetime  uses.  Careful 
engineering  and  precision  workmanship  assure  you 
dependable,  trouble-free  performance.  Let  us  help 
you  h  t  this  or  other  Oster  motors  to  your  requirements. 

M-17 

FEATURES  OF  TYPE  A.16A  OSTER  MOTOR 

HOUSING  —  die  cast  aluminum,  totally  WINDINGS  —  available  in  shunt,  series 
enclosed.  and  split  series  reversible,  12  and  24  volt, 

FINISH  —  black  anodized.  intermittent  and  continuous  duty. 

WEIGHT  -  7  ounces.  TEMPERATURE  RISE  -  55'C.  Maximum 

frame  temperature  rise  at  rated  load. 

mgs  fitted  with  steel  insens.  bient  temperatures  and  high  altitudes. 

MOUNTING  —  standard  ^4"  diameter  air  APPLICATIONS  —  operation  of  small  blow- 


corps  rabbet. 

MUSHES — high  grade  metal  graphite  of  am¬ 
ple  size  to  assure  unusually  long  brush  life. 


ere,  switching  equipment  and  other  similar 
aircraft  applications. 

All  data  and  ratings  are  approximate.  ' 
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WHEN  CCNSOIIDATBD  VULTte  developed 
this  superhuman  radio  flight  reporter,  the 
need  for  compact,  reliable,  portable  power 
was  met  by  Burgess  Batteries — also  used 
in  all  laboratory  testing  and  development 
work  at  Vultee  Field.  When  a  plane  is 
test-flown,  stress  and  strain  conditions  at 
70  key  points  equipped  with  gauges  are 
relayed  continuously  to  the  grovmd  station. 


no  MfLEi  AWAY  engineers  watch  the  ticker 
tape  of  the  Burgess-powered  recorder  .  .  . 
direct  flight  maneuvers  or  warn  the  test 
pilot  of  danger  by  radio.  Why  not  bring 
your  electronic  problems  to  Burgess  Engin¬ 
eers  when  portable  power  is  involved? 


BURGESS  BATTERIES 


harmonic  operation  cannot  be  fairly 
counted  as  an  advantage,  since  op¬ 
eration  on  the  fundamental  is  prac¬ 
tically  impossible,  and  subharmonic 
operation  may  add  to  the  receiver 
cost  by  requiring  an  automatic 
gain-control  string. 

Of  the  features  listed,  the  first — 
selectivity — is  an  inherent  prop¬ 
erty  of  any  synchronized  oscilla¬ 
tor.  It  can  be  shown  mathemati¬ 
cally'*  that  if  two  equal  voltages, 
one  lying  within  the  synchronizing 
range  of  an  oscillator,  and  one 
without,  are  injected  into  the  oscil¬ 
lator  so  that  it  is  synchronized  by 
the  first  signal,  the  amplitude  of 
the  second  signal  will  be  greatly  re¬ 
duced.  Physically,  the  explanation 
of  this  is  that  the  effective  of 
the  oscillator  tube  for  the  interfer¬ 
ing  signal  is  considerably  reduced, 
since  it  can  produce  an  effect  only 
during  the  amplification  period, 
which  is  not  synchronous  with  the 
interfering  signal. 

With  subharmonic  operation,  the 
only  effect  of  an  adjacent-channel 
signal  is  a  very  slight  frequency 
modulation  which  may  occur  during 
the  amplification  periods.  While 
the  desirability  of  good  adjacent- 
channel  selectivity  will  be  enhanced 
as  the  f-m  band  is  filled  up,  it  is 
doubtful  whether  this  advantage 
alone  is  sufficient  to  justify  the  use 
of  a  synchronized  oscillator,  if  it  is 
I  used  following  an  i-f  amplifier 


GIRL  AND  GONIOMETER  i 


FREE..iNGINliRING  HANDBOOK 


80-page  manual  of  basic  data  and  char¬ 
acteristics  of  dry  batteries  for  all  electronic 
applications.  Tabbed  for  ready  reference. 
Write  Dept.  9  for  free  copy.  Burgess 
Battery  Company,  Freeport,  Illinois. 


Airwoman  "Petie"  Houston,  of  Hamil¬ 
ton.  Ont..  operates  a  direction  finder 
with  which  she  traces  planes  in  flight. 
She  is  one  of  a  class  of  RCAF  Women's 
Division  students  at  No.  1  Wireless 
School  in  Montreal 


Make  Plans  Now. . . • 


for  the  coming  .  .  . 


PLASTIC  ERA 


\V 


7 


Consult  .  .  . 


ROGAN 


•  Here  at  Rogan,  seasoned  en¬ 
gineers  are  ready  and  willing 
to  assist  you  in  determining 
your  post-war  Plastic  require- 


Whether  your  peacetime 
produas  are  to  include  elec¬ 
tronic  equipment,  electrical  ap¬ 
pliances,  stoves  or  what  have 
you,  the  Rogan  Organization 
will  gladly  provide  cost-free 
advice  on  all  phases  of  plastic 
production. 


Send  us 


Your  Specifications  Today! 


4 


BOGAN  BBOTHEBS 


Compression  Molders  and  Branders 
of  Plastics 

2003  So.  Michigan  Avenue 
Chicago,  Illinois 
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Illustrated  above  is  one  of  the  many  types  of  special  application 
tranf ormers  designed  and  manufactured  by  us.  We  at  Langevin 

Jatk  interested  solely  in  the  manufacture  of  quality  apparatus, 

litOAII 

both  transformer  components  and  complete  electronic  units. 
Your  inquiries  for  either  are  solicited.  Transformer  capacity  to 
5K.V.A. 

Thf  Lattgevitt  Companu 

INCOWrORATIO  # 

SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NfW  YORK 
37  W.  6S  S*.,  23 


SAN  FRANCISCO 
1050  Hewwtl  3 


LOS  ANGELES 
0  H.  S«WQfd  SC 


Con  Give 

penetration  . 

^CIDS,  ALKALI 

N  Resistanc 
production 


greater 

TO  OILS, 
ABR  ASIC 


resistance 

PEEXiBILITy 
•  EASTER 


Call  In  the  Pedigree  Varnish  Man  Nearest  Yau. 


DANIEL  KONDAKJIAH 

TUNGSTEN 

LEADS 


which  already  has  a  good  selec¬ 
tivity. 

At  present,  no  known  oscillator- 
limiter  circuit  combines  perfect 
amplitude  limiting  with  high  syn¬ 
chronization  sensitivity  and  volt¬ 
age  gain.  While  it  is  possible  to 
adjust  an*  oscillator  for  a  high 
amplitude,  20  volts  or  more,  so  that 
it  limits  very  well  for  a  signal  at 
the  center  of  the  band,  the  ampli¬ 
tude  still  shows  a  variation  over 
the  band,  and  the  sensitivity  usu¬ 
ally  drops  by  a  factor  of  ten  or 
more. 

On  the  other  hand,  an  oscillator 
with  a  lower  amplitude  level,  and 
designed  for  maximum  sensitivity 
and  voltage  gain,  can  be  followed 
with  a  very  simple  limiter  stage  of 
the  usual  type,  the  combination  giv¬ 
ing  excellent  limiting  action  over 
the  •entire  band.  The  use  of  a  con¬ 
ventional  limiter  following  the  os¬ 
cillator  has  the  further  advantage 
that  the  oscillator  is  separated 
from  the  frequency  detector.  If  a 
conventional  diode  discriminator  is 
connected  directly  to  the  oscillator 


Electrical 

insulating! 

VARNISH 


You  can  get  all  of  these  advantages  at  a  minimum  of 
overall  cost  when  you  complete  your  electrical  jobs 
with  Pedigree  electrical  insulating  varnish. 

Why  not  give  us  an  opportunity  to  show  you  how 
you  can  take  advantage  of  these  benefits  —  either 
in  your  present  production  or  your  postwar  plans. 


74£  P.  D.  GEORGE  CO. 

5200  North  Second  Street  •  St.  Louis,  Missouri 


SPECIALLY  DESIGNED 


CAPACITORS 


For  the  past  15  years  Girard-Hopkins 
have  built  standard  and  specially  cre¬ 
ated  capacitors,  designed  to  meet  die 
most  exacting  climatic  and  technical 
conditions,  (^r  line  includes  every 
stock  type  of  capacitor  for  normal 
needs  —  Increased  manufacturing  ca¬ 
pacity  and  a  highly  trained  engineer¬ 
ing  staff  enable  us  to  quickly  build 
and  deliver  specially  designed  capaci¬ 
tors  to  your  specifications.  Consult  us 
on  your  present  and  post-war  capacitor 
problems  for  either  wax  or  oil  types. 


©DANIEL  KONDAKJIAN  experlenc*  in  the 
mcNtufoctwre  and  fabrication  of  high  qual¬ 
ity  Tungsten  loads  is  both  oxtonsivo  and 
all-biclusivo.  Products  kicludo  rigid  and  floxiblo 
loads  for  critical  installations  in  ovory  typo  of  oloc- 
Ironic  apparatus  and  oquipmont. 

DANIEL  KONDAKJIAN  onginoors  and  tochnicians  aro 
availablo  for  tungston  load  cellaberotion.  Inquirios 
portaining  to  post-war  spocialtios  aro  invitod. 


MCI  soot  WtlMt  .  .  .  Tk«  DANItl  KON- 

DAKilAN  kifh  vaciviKr  tool  w*W«f  oOcri 
kiyfc  io««0  oroOoclioit  ■O.owtof  i  wortSy  ol 
•lBl■•0lOf•  <1»»i0«r«tio».  Writ*  toOoy. 
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GREEN  (Selenium)  RECTIFIER 


Complete  in  ONE  Cabinet  with 
BuHtHn  Meters  and  Controls 

STANDARD  UNITS 

6  Volts— 25— 50— 75— 100— 300 
500—1 000—1 500—2000 
3000—4000—5000  snips. 

8  Volts— 300— 600— 900— 1200 
1800—2400—3000 
3600  amps. 

12  Volts— 600— 1200— 1800— 2400 
3000  amps. 

16  Volts— 300— 600— 900— 1200 
1500 — 1800  amps. 

24  Volts— 300— 600— 900— 1200 


48  Volts — 300 — 600  amps. 


Special  requirements  incorporat¬ 
ing  either  seleniiun  or  rectifier 
tubes  are  met  by  engineering  to 
individual  needs. 


Write  Dept.  E  for  illustrated 
booklet. 


W.  GREEN  ELECTRIC  COMPANY,  INC 

GREEN  EXCHANGE  BLDG.,  130  CEDAR  ST.,  NEW  YORK  6,  N.  Y, 


RECTIFIER 


E5T 


•  !  ENGINEERS 
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ON  — BUY  MORE  BONDS  NOW! 


NO  SHORTS 

IN  DIALCO  PILOT  LIGHTS 

fAAKES  SOCKETS 
PERMANENTLY  ANCHOR- 
TIGHT  and  FOOL-PROOF! 


ORIGINATED  BY  DIALCO 


ONLY  DIALCO  UNITS 


HAVE  THIS  VITAL 


IMPROVEMENT! 


ote  this  rugged  construction:  Shell, 


brocket,  and  lugs  'are  permanently 


ANCHOR-TIGHT  and  foolproof,  proven! 


ing  thoris.  Dialco  monufactures  an  ex 
tensive  line  of  Pilot  lights  and  Socket 
Assemblies  having  this  feature.  Write 
for  samples  and  Catalogue. 

PLUS  LAMPS:  To  speed  production, 
we  con  supply  any  Pilot  Light  as¬ 
sembled  with  G.E.  or  Westing- 
house  lomps. 

DIAL  LIGHT  i 

CO.  of  AMERICA,  Inc.  1 

900  moaoway  5( 

New  Vorli  3,  N.  Y 
Algonquin  4-5180  I  2  3 


'Mm 


There  is  no  such  handbook,  so 
let  our  twenty  years  of  experi¬ 
ence  guide  you. 


ELEaRICAL  INSULATION  CO. 


INCORPORATED 


through  a  secondary  on  the  oscilla¬ 
tor  tank  coil,  the  oscillator  and  dis¬ 
criminator  alignments  become  in¬ 
terdependent,  with  consequent  dif¬ 
ficulties  in  production. 

The  last  feature — a  quieting 
sensitivity  inversely  proportional 
to  frequency  deviation — is  of  im¬ 
portance  in  the  application  of  the 
synchronized  oscillator-limiter  to 
f-m  services  other  than  broadcast. 
These  services  generally  employ  a 
low  deviation  ratio,  and  a  small 
quieting  voltage  on  the  limiter  is 
very  desirable  because  the  r-f  and 
n-f  gains  can  be  kept  low^  and  stable. 

I■|•etiel•  af  SyRchronizing  Voltage 

In  most  of  the  previous  applica¬ 
tions  of  the  synchronized  oscillator, 
injection  has  been  accomplished 
I  from  low-impedance  sources.  Since 
[  the  source  of  synchronizing  voltage 
!  in  a  practical  f-m  receiver  is  the 
I  last  i-f  stage,  problems  arise  be- 
I  cause  of  the  high  impedance  of  this 
circuit.  Coupling  between  the  os- 
I  cillator  tank  circuit  and  the  syn- 
I  chronizing  input  circuit  must  be  re¬ 
duced  to  a  minimum  in  order  to  ob- 


THERE’S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK/ 

i  M 


the  Drake  No.  400  to  the  high 
speed  production  “honey” 


12  VESTRY  ST. 


NEW  YORK  13,  N.  Y. 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering 
Iron  “just  right”  for  the  job. 

O 

Drake  Heat  Controls  and  the 
Drake  “Magic  Cup^’  Stand  are 
important  soldering  aids. 


YOUR  RADIO 
PARTS  JOBBER 


DRAKE  ELECTRIC  WORKS,  INC 

BAKELITE  SHEETS,  RODS,  TUBES  •  FABRICATED  PARTSn36S6  LINCOLN  ave.  Chicago,  ill 
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ELECT! 
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THE  VARIABLE  VOLTAGE  TRANSFORMER 
fhrr  WITH  THESE  FEATURES  ^  . 


A  the 
d  are 


DIO 

»BBER 


VERSATILE — A  variety  of  equipment  operated  from  a-c  power 
lines  can  be  controlled  by  a  POWERSTAT.  Standard  models  transform 
voltage  from  115,  230,  and  440  volt  single  or  polyphase  circuits  to 
any  desired  value  between  0  and  17.5  percent  above  line. 

CHOICE  of  CONTROL — In  addition  to  the  manually  operated  types. 
Motor-driven  POWERSTATS  are  available  for  aatomatic  and  push¬ 
button  operation. 

THOROUGHLY  ENGINEERED — Because  of  competent  engineering 
and  extensive  development,  every  POWERSTAT  possesses  excellent 
regulation  .  .  .  low  exciting  current  ...  no  wave- form  distortion  .  .  . 
high  efficiency  ...  no  over-heating. 

IDEAL  CONSTRUCTION — Advanced  methods  of  manufacture  and 
use  of  the  highest  grade  materials  assure  a  structurally  strong,  light 
weight,  compact,  and  smooth  running  unit. 

Send  for  Bulletins  149  LE  and  163  LE 

Superior  Electric  Company 

207  Laurel  Street,  Bristol,  Conn. 


SUPERIOR  Srleci^Uc 
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No  Bounce!  No  Chatter! 

...  in  the  new  Kurman 
200S  Flat  Keying  Relay 

KEYING  EEATUKES. 

1.  No  bounc*.  No  chatter. 

2.  Input  50  Milliwatts. 

3.  Will  key  up  to  150  words  por 
minuto,  or  60  impulses  per 
second. 

4.  Armature  is  mica  insulated;  is 
suitable  for  keying  a  50  Mega- 
cycfe  R.F.  signal. 

5.  Contacts  will  carry  up  to  2  Amps. 


A  NEW  FEATURE 

OF  6IEAT  IMPOITANCE 
ADDED  TO  out  "OLD  TIMER" 

Now  .  .  .  Chotterless  operation 
is  added  to  the  known  sensi¬ 
tivity  of  our  "Old  Timer"  (200 
Series)  .  .  .  The  new  feature 
consists  of  an  energy  absorb¬ 
ing  material  seoled  within  a 
contact  carrying  coge.  The  com¬ 
pound  used  is  not  olfected  by 
age,  oil,  or  moisture. 


li  i!|l 


N«w  Feature  .  ,  .  eliminates 
"bounce"  and  “chatter  " 


Oscilloscopic  wave  form  I  I  I  I  I 

looks  like  this  I  I _ I  I _ I 

NOT  like  this  n  n 


Sernf  also  For  comphte  mformofion  on  the 
Une  oF  KUMMAN  ¥throtion  proof  ftBLAYS. 


KURmHIl 


ELE 


35-18  37th  STREET  •  LONG  ISLAND  CITY  1,  N.  Y. 


tain  normal  gain  from  the  i-f  stage. 

Figure  6  shows  a  typical  syn- 
chronized-oscillator  circuit  using  a 
type  1852  tube  with  the  synchronis¬ 
ing  voltage  developed  in  the  grid 
circuit.  Oscillation  is  maintained 
by  a  cathode  tickler  winding.  Be¬ 
cause  of  the  grid-to-cathode  capaci¬ 
tance,  part ’of  the  oscillator  voltage 
across  the  tickler  is  developed 
across  the  input  tuned  circuit  which 
at  the  same  time  works  as  the  plate 
load  for  the  last  i-f  amplifier. 

Normal  gain  of  an  i-f  amplifier  is 
p„Qu>L,  which  might  be  60  for  an 
f-m  i-f  amplifier.  If  the  oscillator 
operates  at  the  fundamental,  the 
loading  effect  due  to  the  reflected 
oscillator  voltage  is  so  great  that 
the  amplifier  gain  practically  dis¬ 
appears.  With  subharmonic  opera¬ 
tion,  a  gain  of  10  in  the  preceding 
i-f  amplifier  is  obtainable.  Thus 
most*  of  the  gain  in  the  oscillator 
itself  may  be  lost  by  the  reduction 
of  gain  in  the  preceding  stage. 

As  mentioned,  the  Russian  solu¬ 
tion  to  this  problem  was  the  use  of 
a  pentagrid  mixer,  in  which  the 
first  section  acted  as  a  buffer  be- 
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monarch 

Meaioring-T*»«nfl 

i,  depended  upon  to  P-^  -  Equipment  « 


MONARCH  MFG.  CO. 

2014  N.  Major  Ave.  Chicago,  III. 


•  Try  us  ior  those  items 
you  need  in  a  hurry.  Our 
stocks  ore  big— our  serv¬ 
ice,  extra-icntl 
We've  been  at  it  since  1925 
—and  we  know  howl 


tu 


II.  L.  I  Al  IN..n«. 

Wholesale  Distributors 
RADIO-ELECTRONIC  SUPPLIES  &  PARTS 
17  Union  Square 

NEW  YORK  3,  N.  Y. 

Phones:  ALgonquin  4-8  ?  I  2-3-4-5-6-7 
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MICROMETER  CONSCIOUS’ 


in  the  quantity  production 
of  minute  precision  parts 


X^ny-Ove  manufacturers  of  major  prominence  now 
are  relying  Upon  the  micrometer-conscious  Wadsworth 
Small  Parts  Division  for  scores  of  pans  so  minute 
and  precise  that  their  quantity  production  is  difhcult 
or  expensive  for  the  average  plant. 

At  Wadsworth,  such  produaion  is  customary,  and 
meets  the  highest  critical  standards. 

Here,  a  unique  machine  setup  and  workers  w'ho 
think  precision  are  intimately  associated  under  one 
roof.  They  contribute  special  operations  to  many 
pieces  and  carry  others  through  in  their  entirety,  in 
great  quantities. 

-We  welcome  conversations  with  all  companies  who 
intend  to  be  postwar  faaors  in  their  fields  and  will 
be  glad  to  discuss  the  matter  of  applying  Wadsworth 
skills  to  your  special  needs. 


WADSWORTH 

FACILITIES 

Die  Making 
Jigs  &  Fixtures 
Cage  Al  aking 
Aiodel  Builtiing 
Aiming 
Drilling 
Taming 
Stamping 
Screw  Aiacbiniiti, 
Hard  Soldering 
Heat  Treating 
Line  Assembly 
Poli\bing 
Lacquering 
Pboto-  Etching 
Silk  Screening 
Product  Decorating 
Metals  Laboratory 
Engineering  Design 
Product  Design 


CURRENTLY 
SERVING  THESE 
INDUSTRIES 

Aircraft 
Automotive 
Bearing 
Electronics 
Instruments 
Machine  Tool 
Small  Arms 
Refrigeration 


) 


SMALL  PASTS  DIVISION 


DAYTON.  KENTUCKY.  SUBURB  OF  CINCINNATI.  OHIO 
PHONE  COLONIAL  1194  •  (CINCINNATI  EXCHANGE) 


Wadsworth  is  heavily  engaged  in  many-sided 
war  work.  But  our  steady  production  of  Military 
Watch  Cases  and  our  constant  designing  of  the 
precious  metal  cases  for  the  future  are  preserv¬ 
ing  the  art  of  fine  watch  case  development. 
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PROl^EP  iN  SERViCB 

FOSTER  TRANSFORMERS 

MEET  EVERY  NEW  NEED  WITH  THE  SAME 
DEPENDABLE  PERFORMANCE  THAT  HAS  MADE 
THEM  "FIRST"  IN  ELECTRONIC  REQUIREMENTS. 

FOSTER  ,s  FIRST  again  with 

THEIR  NEW  VITROSEAL  TERMINAL 

a  development  that  has  definite  advantages  over 
other  types  of  hermetic  seals  for  tropical  use. 

pR  The  electrode  can  be  bent  at  an  angle  90° 
from  the  upright  position  without  breaking 
the  glass  in  the  seal.  In  fact,  it  can  be  bent 
and  straightened  several  times  and  then  the 
^  terminal  will  break  before  the  glass  is  dam- 

aged. 

Ar^  JL  Extremely  high  resistance  to  thermal  shock. 

X \  ^  RcR  The  metallic  parts  are  cold  rolled  steel, 

✓  /K'X  ^  rather  than  expensive  alloys. 

X  XX  V— 

OThe  terminals  are  fused  directly  into  the 
metal  in  multiple.  Ordinary  seals  are  made 
f  y  /  /  up  individually  and  are  soldered  into  holes 

\  f  /  /  in  the  transformer  case. 

W^//  A  . 

XT - ~lr  /  RjI  a  loop  is  provided  for  easy  hook-up. 


UNITS  USING  SAME  TERMINAL  CONSTRUCTION 

500  VA  Plate  Transformer  Plate  Reactor  Filament  Reactor  Dual  Bias  Reactor 


SPECIALISTS  IN  BUILDING  TRANSFORMERS  SINCE  1938 

A.  P.  FOSTER  COMPANY 

TRANSFORMER  ENGINEERS  &  MANUFACTURERS 
719  WYOMING  AVENUE,  LOCKLAND  15,  OHIO 
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tween  the  input  circuit  and  the  os¬ 
cillator.  Unfortunately,  with  pres¬ 
ent  tube  structures  this  method  has 
two  disadvantages.  First,  it  is  im¬ 
possible  to  obtain  the  desired  Qn,  in 
the  oscillator  section  if  the  electron 
stream  is  already  limited  by  the 
first  grid.  Second,  because  of  the 
low  flr«,  suppression  of  subharmonic 
oscillations  occurs  at  a  consider¬ 
ably  lower  level  than  is  the  case 
with  high  pentodes.  It  is  ex¬ 
pected  that  by  using  different  in¬ 
jection  methods  and  tube  struc¬ 
tures,  these  difficulties  will  be 
overcome. 

Even  though  the  loading  effect  in 
the  oscillator  input  circuit  is  re¬ 
duced  to  a  negligible  amount, 
enough  coupling  may  still  exist  be¬ 
tween  the  oscillator  and  the  i-f  cir¬ 
cuits  to  introduce  hysteresis  into 
the  oscillator.  The  worst  offender 
in  this  connection  is  stray  coupling 
between  the  oscillator  and  the  in¬ 
put  to  the  i-f  amplifier.  An  amount 
of  coupling  which  ordinarily  is  ac¬ 
ceptable  in  production  will  cause 
the  oscillator  to  jump  suddenly 
from  one  frequency  to  another  dur¬ 
ing  alignment,  and  make  its  cor¬ 
rect  adjustment  impossible  in  pro¬ 
duction.  Subharmonic  operation 
overcomes  this  to  a  large  extent, 
since  the  harmonic  content  of  the 
oscillator  is  not  large  without  an 
injected  signal.  Normal  precautions 
must  be  taken  to  reduce  overall 
feedback  from  the  oscillator,  how¬ 
ever,  even  with  subharmonic  op¬ 
eration. 


TECHIVICAL 

NOTES 

Excerpts  from  New  Home 
Study  Lessons  Being  Pre- 
par^  under  the  Direction 
of  the  CREI  Director  of 
Engineering  Texts 


And  cut  rnjections  and 
cofts  with  STEDMAN  pra- 
cision>mada  dummy  tuba*. 
tuba>pin  straightanars,  ate. 


Phdse  Inverter 


QQ  In  the  Angnst  issue  of  its 
monthly  magazine,  CREI  NEWS, 
^  The  Capitol  Radio  Engineering 
Q  Institute  continues  its  series  of 
2  interesting  technical  articles.*  The 
coming  issue  deals  with  an  inter- 
eC  esting  type  of  phase  inverter  cir- 
cuit,  particularly  suitable  for 
Q  wide  band  operation,  such  as  for 
^  a  cathode-ray  oscilloscope. 

Part  I,  which  appears  in  the 
SC  August  issue,  describes  the  cir- 
cuit,  compares  it  with  other  types 
U  of  phase  inverter  circuits,  and 
^  analyzes  its  basic  action. 

"*■  A  second  article  on  the  phase 
^  inverter  circuit  will  appear  in 
the  September  issue  of  the  CREI 
NEWS.  It  will  evaluate  its  gain 
and  its  stability  under  variable 
operating  conditions. 

We  are  making  these  technical 
_  articles  available  to  every  inter- 
w  ested  radioman.  If  yon  want  to 
receive  these  articles  on  the  phase 
inverter  circuit,  and  other  articles 
to  follow,  merely  write  to  the 
Capitol  Radio  Engineering  Insti¬ 
tute,  and  ask  for  the  Angnst  is¬ 
sue  of  the  CREI  NEWS  contain¬ 
ing  this  article.  This  and  other 
future  issues  will  be  sent  to  yon 
^  free  and  without  obligation. 


ECONOMICAL— EFFICIENT 

This  special  device  was  designed 
to  aid  a  manufacturer  in  accurate 
alignment  of  chassis  with  panel 
(Opening  and  contact  points.  We 
will  aid  you  in  developing  a  similar 
item  designed  for  your  particular 
need.  Send  us  your  specifications. 
Permit  us  to  submit  sample. 


DUMMY  MINIATURE  TUBE 

Precision  made.  Stainless  Steel  Pins. 
Used  to  hold  socket  clips  in  correct 
alignment  during  wiring. 

M*«ts  requirumantz  of  WPB  tub- 
eommittoo  or  miniofuro  tubot 


The  iubject  of  “Phate  Inverter 
Circnil’*  ir  bat  one  of  many 
that  are  beinf  cooitantly  re- 
Tired  and  added  to  CREI  ler- 
ront  by  A.  Preitinan,  Director 
of  Engineerinf  Texts,  under  the 
personal  snpervision  of  CREI 
President,  E.  H.  Rielske.  CREI 
home  stndy  courses  are  of  col¬ 
lege  calibre  for  the  professional 
engineer  and  technician  who 
recognixes  CREI  training  at  a 
proven  program  for  personal 
advancement  in  the  field  of 
Radio-Electronics.  Complete  de¬ 
tails  of  the  home  study  courses 
sent  on  request.  .  ,  .  A$k  for 
36-page  booklet. 
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MINIATURE  TUBE  PIN 
STRAIGHTENER 

Used  with  hardened  tool  steel  insert 
for  factory  use.  Also  stainless  steel 
insert  when  resistance  to  corrosion 
is  desired.  Precision  made.  Body 
and  posts  cadmium  plated.  Inserts 
replaceable. 

Illustrated  above  are  a  few  of  the 
products  we  are  now  delivering  to 
leading  equipment  manufacturers. 
Standard  items  available.  Special 
items  to  fit  your  particular  require¬ 
ments. 

Your  Inquiry  Will  Raeaive  Our  Prompt  Attention. 

ROBERT  L.  STEDMAN 
MACHINE  WORKS 
Oyster  Bay,  N.  Y.  Tel.  1532 


Engineering  Institute 

E.  H.  RIETZKE,  PrnidenI 

Home  Study  Coureea  in  Practical  Radio- 
Eloctranict  Engineering  for  Professional 
Self-Improvement 

Dept.  E-8.  3224— 16th  St.  N.  W. 
WASHINGTON  10.  D.C. 

Ceniraclor,  to  the  U.  S.  Navy — U.  S. 
Coast  Guard  —  Canadian  Broadcatling 


A  METHOD  of  producing  pile  fab¬ 
rics,  by  applying  cut  fibers  to  a 
suitable  backing  material  by  an 
electrostatic  process,  was  halted 
temporarily  by  the  war. 


ELECTRONICS 


The  story  oi  the  Electronic  Corporation  of  America  is  one 
which  has  great  significance  at  this  time  .  .  .  one  which  gires 
life  to  the  American  principles  oi  equality  and  opportunity 
ior  all. 


During  the  course  oi  25  years  work  in  radio  and  electronics, 
we  have  maintained  close  collaborotion  between  manage¬ 
ment  and  labor.  Responsible  union  representatives  working 
with  equally  responsible  executives  have  established  a  hub 
oi  iriendly  relations  around  which  revolve  various 'phases  oi 
our  production  and  internal  structure. 

One  pertinent  result  oi  our  smoothly  operating  labor-man¬ 
agement  committee  is  that  we  ore  iree  irom  iriction  .  .  .  pro¬ 
duction  schedules  ore,  thereiore,  adhered  to.  Another  is  that 
the  quality  oi  our  products  remains  at  a  consistently  high 
level.  And  the  most  important  immediate  result  is  that  our 
cooperative  efficiency  has  enabled  us  to  increase  our  output 
more  than  six-iold  in  a  single  year. 

Our  engineering,  too.  is  a  reflection  oi  the  EGA  story.  Ex¬ 
periences  and  knowledge  hove  been  tested  under  the  rigid 
requirements  oi  military  specifications.  We  give  due  credit 
to  our  engineers  ior  the  accuracy  and  dependability  oi  the 
delicate  equipment  we  ore  now  producing  ior  the  Armies  oi 
Liberation. 


This,  in  briei.  is  the  ECA  story.  Currently,  we  are  engaged 
100*4  in  war  work  .  .  .  and  each  oi  us  is  giving  his  best  to 
help  speed  the  deieat  oi  our  enemies.  In  the  coming  electronic 
era  the  some  teamwork,  the  some  skill,  and  the  some  effi¬ 
ciency  will  be  devoted  to  the  design  and  monuiacture  oi 
products  ior  home  and  industry. 


THESE  ARE 


THE  WAR  BONDS 


THAT  COUNT 


BUYING 


THEM 
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NEW  PRODUCTS 

Month  after  month,  manufacturern  de¬ 
velop  new  materials,  new  components, 
new  assemblies,  new  measuring  equip¬ 
ment;  issue  new  technical  bulletins,  and 
new  catalogs 


General  Electric  Products 

Three  new  products  are  available 
from  General  Electric  Co*,  Schenec¬ 
tady,  N.  Y. 

The  first  of  these,  available 
from  the  Industrial  Control  Divi¬ 
sion,  is  a  new  tempering  attach¬ 
ment,  (CR7603-D149),  for  use  with 
G.  E.  synchronous  spot-welding  con¬ 
trols  which  incorporate  the  phase- 
shift  method  of  heat  control.  The 
attachment  is  particularly  suitable 
for  use  in  the  spot-welding  of  air- 
hardenable  steels,  since  it  permits 
tempering  the  weld  while  the  work 
is  still  in  the  machine.  The  attach¬ 
ment  consists  of  a  heat-control  and 
a  time-control  adjuster  for  temper¬ 
ing,  and  the  relays  which  automat¬ 
ically  transfer  the  additional  heat- 


and-time  adjustment  from  the  spot¬ 
welding  control  with  which  the  at¬ 
tachment  is  being  used.  The  at¬ 
tachment  is  enclosed  in  a  metal  case 
designed  for  wall  mounting.  The 
calibrated  adjustment  dials/  are 
mounted  on  the  hinged  door  of  this 
case,  together  with  an  on-off  switch 
for  preventing  the  relays  from  be¬ 
ing  energized  when  ordinary  spot 
or  pulsation  welding  is  being  done. 
Bulletin  CEA-4201  is  available  on 
this  unit. 

Formex  ribbon-rectangular  mag¬ 
net  wire  is  now  available  as  thin  as 
0.004  inch  and  can  be  applied  where 


round  wire  previously  had  to  be 
used.  It  increases  the  winding-space 
factor  and  may  be  used  in  place  of 
larger  size,  rectangular  magnet 
wire  to  increase  magnetic  effect  or 
to  reduce  coil  size.  The  wire  is 
smooth,  strong,  flexible,  and  able  to 
withstand  high-speed  winding 
without  damage  to  insulation.  The 
manufacturer  states  that  its  dielec¬ 
tric  strength  and  the  wire’s  resis¬ 
tance  to  abrasion,  heat-shock,  and 
solvents,  is  greater  than  that  of 
other  enameled  wire. 

For  aircraft  electric  systems 
there  is  available  standard  dust- 
tight  enclosures  which  come  in  var¬ 
ious  lengths.  They  are  designed  to 
house  combinations  of  contactors, 
relays,  and  other  devices  usually  re¬ 
quired  in  control  systems  for  air¬ 
planes.  The  enclosures  are  light  in 
weight  and  provide  ready  accessi¬ 
bility  to  devices.  They  may  also  be 
used  as  junction  boxes. 

Radio  City  Products 

The  following  three  new  prod¬ 
ucts  are  available  from  Radio  City 
Products,  Inc.,  127  West  26th  St., 
New  York  1,  N.  Y. 

Model  422  Supertester  is  for  gen¬ 
eral  circuit  testing.  Its  features  in¬ 
clude  current  measurements  in  both 
a.c.  and  d.c.  up  to  25  amperes ;  volt¬ 
age  measurements  in  both  a.c.  and 
d.c.  up  to  5,000  v;  high  voltage  is 
not  applied  to  the  selector  switch 
nor  to  general  test  circuits.  It  has 
a  3-inch  sq  meter  with  movement  of 
200  microamps,  or  5,000  ohms  per 
volt  sensitivity  on  d.c.  voltage  meas¬ 
urements.  Resistance  measurements 
can  be  made  up  to  10  megohms.  The 
batteries  are  replaceable  without 
the  use  of  a  soldering  iron. 

Multitestor  Moi»;l  420  is  com¬ 
pact  and  rugged  and  measures  61  x 


3i  X  3  in,  open  faced,  and  weighs 
25  oz.  The  meter  movements  are 
guaranteed  to  be  accurate  within*  2, 
percent.  The  voltage  multipliers  are 
a  metallized  matched  pair  of  resis¬ 
tors  having  a  tolerance  of  1  percent. 
The  basic  meter  is  rated  0.400  mio- 


roamps.  D-C  meter,  output  meter, 
milliammeter  and  ohmmeter  pro¬ 
vide  a  total  of  23  ranges.  A-C  and 
d-c  voltmeter  is  rated  up  to  5,000  v 
at  1,000  ohms  per  volt  sensitivity. 
It  comes  supplied  with  batteries. 

Model  314  is  a  tube  tester.  The 
filament  voltage  switch  is  designed 
to  test  all  present  filament  voltages 


from  1.1  to  117  volts.  Lever  type 
switching  individually  controls  each 
tube  prong,  checks  roaming  fila¬ 
ments,  and  dual  cathodes.  The  in¬ 
strument  provides  separate  plate 
tests  on  diodes  and  rectifiers  and 
has  a  neon  short  test.  The  meter  is 
rectangular  and  measures  4i 
inches  and  has  a  poor-good  scale. 
A  pilot  light  indicates  on-off. 

New  Electron  Tubes 

Equipment  manufacturers  may 
now  obtain  against  WPB  rated  or¬ 
ders  two  new  electron  tubes. 

The  first  of  these  is  designated 
RCA-1P28  which  is  an  ultraviolet- 
sensitive,  high-vacuum,  9-stage 
multiplier  phototube  utilizing  elec¬ 
trostatic  focusing.  It  is  similar  in 
size  and  appearance  to  tsrpe  931-A 
but  is  constructed  with  a  special 
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BOOTS 

SELF-LOCKING  NUTS 

/Vr  tmimt 


KS  IN  PLACE 
...SAVES  SPACE! 


THE  BOOTS  SELF-LOCKING 
RADIO  ANCHOR  NUT  SIZE  NO.  6 

datigiivd  •specially  for  Radio 
and  ■octronk  Frodiicts 

The  locking  device  is  an  integral  part  of 
this  all 'metal  nut.  Assures  permanently 
tight,  vibration>proof  connections. 
Lwks  anywhere  on  bolt.  Can  be  re-used 
effectively  many  times.  Simplifies  as¬ 
sembly  and  maintenance.  Saves  weight. 
NotaRectedbytemperatureor  corrosion. 

CofisMbr  fftoto  olhor  Important  foaturtt 

•  Sturdy  but  exceptionally  small — 
saves  space,  permits  compact  propor¬ 
tions  and  good  lines  on  a  product. 

R  Will  not  turn. 

•  Applied  with  much  more  ease  than  a 
clinch  nut. 

R  No  distorted  threads  since  no  punch 
is  needed. 

•  Makes  possible  a  flush  surface  on 
opposite  side  without  chamfering. 

Motion  piGlure — "All  Work  And  No  Play**— 

16  mm.  aound — 30  minutea. 

For  information  write  Dept.  A-7 

Boots  Aircraft  Nat  Corporation 
Gonoral  Officos  Now  Canaan,  Conn. 


The  Balanced 
Pressure  Seal 


m  ANY  ROTAWG 


This  compact  seal  operates  in  either  direction  of  shaft 
rotation  and  seals  fluids  (including  gases)  with  mini- 
mtim  power  loss  and  frictional  heating.  "Sealol"  is 
available  with  or  without  retainer  cup  and  is  adapt¬ 
able  to  special  conditions;  requires  minimum  space, 
and  is  easy  to  assemble  into  your  equipment.  Send 
blueprints  and  complete  information  for  .recommen¬ 
dations.  Descriptive  bulletin  on  request. 


1 


j 

\ 

I 


SEALOL  CORPORATION 

41  Willard  Avenue  Providence  5,  R.  I. 

Ckieago  •  Cleveland  •  Detroit  •  Los  Angeles  •  New  York 


1 

j 


glass  bulb  which  transmits  radiant 
energy  in  the  ultraviolet  region 
down  to  about  2,000  Angstroms. 
Featuring  small  size,  rugged  con¬ 
struction,  freedom  from  distortion,’ 
low  noise  level,  and  extremely  low 
dark-current,  the  tube  is  intended 
for  scientific  research  and  special¬ 
ized  applications  where  vei.y  low 
ultraviolet  radiation  levels  are  in¬ 
volved. 

The  other  tube  is  6AQ6,  which  is 
a  miniature  multi-unit  tube  con¬ 
taining  two  diodes  and  a  high-mu- 
triode  in  one  envelope.  Many  of  its 
electrical  characteristics  are  simi¬ 
lar  to  those  of  the  metal  type  6Q7, 
but  it  requires  only  half  the  heater 
current  and  has  appreciably  lower 
grid-cathode  and  plate-cathode  ca¬ 
pacitances.  The  tube  is  designed  for 
use  as  a  combined  detector,  ampli¬ 
fier^  and  automatic-volume-control 
tube.  Its  small  size  facilitates  the 
design  of  small,  compact  receiver 
units. 

RCA  Victor  Div.,  Radio  Corpora¬ 
tion  of  America,  Harrison,  N.  J. 


Aircraft  Relays 

Series  KR  and  KL  are  two  new 
types  of  relays  designed  for  circuit 
switching  in  aircraft  radio  applica¬ 
tions. 

The  KR  Series  are  sturdy  relays 
designed  for  applications  where 
size  and  weight  are  important  fac¬ 
tors.  Where  current  is  not  too  lim¬ 
ited,  the  d.-c.  types  can  be  adjusted 
to  withstand  the  vibration  encoun¬ 


tered  in  most  aircraft  applications.  | 
The  relays  can  be  provided  with  a  ; 
mechanism  for  easy  adjustment  of  j 
armature  spring  where  a  critical  I 
pull  in  value  of  current  or  voltage  ' 
is  required.  Contacts  are  normally  j 
supplied  in  silver.  They  are  rated  ' 
at  3  amp,  110  v,  60  cps,  noninduc- 
tive  load.  Coils  are  available  for 
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p—  TansiU  strength  of  leads  and  connee* 
tions  far  in  excess  of  requirements. 


Tough,  plastic  shell  molded  around 
bracket  providing  a  secure  bond  with 
mechanical  strength  far  beyond  any 
normal  requirement. 


Rounded  edge  will  not  cut  or  fray  wire 
insulation. 


Lug  on  contact  fits  in  groove  in  shell  so 
that  contact  cannot  be  turned  or  twisted 
when  inserting  lamp. 


Center  contact  mounted  so  that  it  can* 
not  protrude  from  shell  and  short  on 
chassis  when  lamp  is  removed. 


Voltage  Breakdown  between  contacts^ 
1200  Volts.  Voltage  Breakdown  to  ground 
—5000  Volts. 


Plastic  shell  Is  recessed  for  contacts, 
which  cannot  be  pushed  or  pulled  out 
of  position. 

Stronger,  tougher,  neavy  walled  plastic 
shell. 

A  variety  of  different  mounting  bracket 
styles  available,  suitable  for  practically 
any  moanting. 


4TiMES 

ACTUAL 

SIZE 


For  Your  Present  and  Post-War  Production 


40th  ANNIVERSARY 
1904—1944 

This  year  Lenz  celebrates  its 
40th  year  of  service  to  the 
communications  industry. 


Lenz  Dial  Light  Sockets  have  always  been  known  for  their  superior  mechanical 
qualities  and  electrical  characteristics. 

Now  these  sockets  are  still  further  improved,  with  even  greater  mechanical 
strength.  A  stronger,  tougher  plastic  shell  is  attached  to  the  bracket  with  a 
new  type  of  construction  that  provides  a  virtually  unbreakable  bond  between 
shell  and  bracket.  Its  excellent  electrical  characteristics  are  maintained. 

Consider  these  Lenz  Dial  Sockets  for  your  present  and  post  war  production. 
Write  for  sample  today. 


In  Businnss 


Sine*  1904 


LENZ  ELECTRIC 
MANUFACTURING  CO. 


1751  N.  WESTERN  AVE. 


CHICAGO  47,  ILLINOIS 


DIAL  LIGHT  SOCKET 
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W-J.  features  Emer¬ 
gency  Service  to  In¬ 
dustry  on  Power  Su|>- 
plies  of  every  de¬ 
scription!  We  ship 
with  speed  and  effi¬ 
ciency  heretofore  con¬ 
sidered  impossible  in 
view  of  the  scarcities 
of  war.  W-J  Indus¬ 
trial  Emergency  Senr- 
ice  is  our  answer  to 
the  endless  delays 
and  trouble  experi¬ 
enced  by  war  indus¬ 
tries  everywhere  in 
getting  radio  and 
electronic  supplies. 
Now,  with  specially 
trained  tedinicians, 
oversized  highly  di¬ 
versified  stodts,  and 
new  streamlined 
methods  .  .  .  days, 
and  often  weeks  of 
vitally  needed  time 
is  saved  on  essential 
electronic  projects. 

Whether  you  need  Con- 
rerter*.  mttery  Charg¬ 
ers,  Rectifiers,  a  Gen¬ 
eral  Utility  IjC  Power 
Supply,  or  items  from 
many  manufacturers, 
you  can  rely  upon  us 
tor  service  and  coopero- 
tion.  Get  vital  jobs 
thru  on  time.  Start  to¬ 
day.  Send  W-J  your 
orders. 

WRIT*  FOR  W-J  AVAIL- 
AIILITY  LIST  —  LARGE 
GROUP  OF  ITEMS  IN 
nOCK  READY  FOR  IM¬ 
MEDIATE  DELIVERY! 


311  $.  Western  Ave.,  Chicaso  12,  III 

PHONE:  CANAL  2525 


voltages  up  to  110  v,  60  cps,  or  60  v, 
d.c.  Contact  arrangements  may  be 
had  up  to  and  including  DPDT.  In 
this  series  is  included  T3rpe  KRD-4 
which  measures  IH  x  li  x  lA  in., 
not  including  the  mounting  stud. 
The  unit  weighs  II  to  2  oz  and  is 
designed  to  mount  in  two  holes. 

The  KL  Series  have  approxi¬ 
mately  twice  as  much  coil  space  and 
a  larger  number  of  poles  than  the 


KR  Series.  These  relays  will  oper¬ 
ate  on  values  as  low  as  0.2  watts. 
The  contacts  are  normally  supplied 
in  silver,  and  are  rated  at  3  amp, 
110  v,  60  cps  non-inductive  load. 
Coils  are  supplied  for  voltages  up 
to  220  V,  60  cps,  or  110  v,  d.c.  Con¬ 
tact  arrangements  are  available  up 
to  and  including  4  pole  DT.  Type 
KLD-1  of  this  series  measures  111  x 
118  X  111  in.,  and  weighs  3J  to  4  oz. 

Potter  &  Brumfield  Mfg.  Co.,  150 
N.  First  St.,  Princeton,  Ind, 


Low-Frequency  Crystals 


A  NEW  TYPE  OF  patented  low-fre¬ 
quency  crystal  has  been  developed 
by  The  James  Knight  Co.,  Sand¬ 
wich,  Ill. 

This  crystal  can  be  made  to 
operate  on  frequencies  from  300  kc 
to  10  kc.  The  temperature  coeffi¬ 
cient,  over  minus  40  to  plus  50  deg 
C,  can  be  made  less  than  1  part  per 
million  per  deg  C.  The  frequency 
can  be  increased  or  decreased  by 
contour  grinding.  The  decrease, 
however,  is  limited  to  about  200 
cycles  at  the  100  kc  frequency.  The 
crystal  is  also  available  in  dual  fre¬ 
quencies  of  100  and  1,000  kc,  using 
a  longitudinal  vib^’ation  for  the  low 
frequency,  and  the  thickness  mode 
for  the  higher  frequency.  The 
crystal  can  be  used  in  air-gap 
mountings  or  can  be  plated  and 
clamped  at  the  nodal  point. 


Sherman 

Offers  QUICK 


DELIVERY 

On  Hundreds 
Of  Styles  of 

ELECTRICAL 
TERMINALS 


% 


One  of  the  large6t,  most  com¬ 
plete  lines  of  Electrical  Termi¬ 
nals  available  anywhere,  is 
offered  you  by  Sherman.  Hun¬ 
dreds  of  styles  are  available,  and 
others  are  constantly  being 
added.  Most  of  these  are  kept  ia 
stock,  ready  for  quick  shipment. 

Sherman  probably  has  a  stock 
terminal  exactly  suited  to  your 
own  particular  requirements.  If 
not,  we  would  be  happy  to  have 
you  submit  your  specifications  to 
our  engineering  departments. 

Sherman  also  makes  many 
other  high  quality  electrical  fit¬ 
tings,  such  as  soldering  and 
solderless  lugs,  fuse  clips,  etc. 
Write  today  for  Sherman  catalog. 


H.  B.  SHERMAN 
Mfg.  Company 
Battle  Creek 
Michigan 


The 
■  Ul 


Sherman 


LUGS, 
TERMINALS,  FUSE  CLIPS 


Ayfnt  1944  — iLECTAONICS 


ELEC 


GS, 

LIPS 

>NICS  ELECTRONICS  —  19^ 


Unless  you  can  express  it  as  a 

you  have  no  information" 


That’s  an  unwritten  law  in  many  laboratories  today.  Because 
"National"  graphite’s  purity— S)9.979%— could  be  expressed  as  a  number, 
the  manufacturer’s  engineers  knew  what  its  performance  characteristics 
would  be  when  used  as  the  anode  and  anode  shield  material  in  this 
ignitron  Rectifier.* 

Across  the  nation,  banks  of  these  rectifiers  are  serving  war  plants, 
traction  companies,  shipyards  and  mills  efficiently  and  dependably. 

Engineers  have  long  known  that  graphite  does  not  fuse,  soften  or 
warp,  and  has  nearly  perfect  heat  radiation  properties.  Thus,  in  many 
types  of  both  vacuum  and  gas-filled  Industrial  and  radio  tubes  where  great 
heat  must  be  dissipated,  or  where  warpage  of  multiple  tube  components 
must  be  prevented,  graphite  is  the  ideal  material. 

As  pioneers  in  the  carbon  and  graphite  manufacturing  business  in- 
America,  National  Carbon  Company  has  brought  to  highest  perfection 
the  art  of  making  high-purity  graphite.  That  is  why  "National"  High- 
Purity  Graphite  is  most  frequently  specified  for  vital  industrial  and  radio 
tube  components.  Graphite  of  even  higher  purity  is  supplied  for  some 
applications.  We  welcome  the  opportunity  to  discuss  the  advantages  of 
this  "National"  electronic  graphite. 


NATIONAL  CARBON  COMPANY,  INC. 

Unit  oj  Union  Carbide  and  Carbon  Corporation 

[TTWl 

General  Offices:  30  East  42nd  Street,  New  York  17,  N.  Y. 

Division  Sales  Offices:  Atlanta,  Chicago,  Dallas,  Kansas  City, 

New  York.  Pittsburgh,  San  Francisco 

The  registered  trade-mark  "National"  distinguishes  products  of  National  Carbon  Company,  Inc. 

■  Ur  UNITED  STATES  WAR  BONDS  * 
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PANEL  INSTRUMENTS  hy 

ROLLER-SMITH 


With  more  than  40  years  of  experience  in 
the  design  and  manufacture  of  precision 
electrical  instruments,  Roller-Smith  is  pro¬ 
ducing  a  wide  variety  of  3.5"  miniature 
panel  instruments  that  meet  all  require¬ 
ments  of  A.S.A.  War  Standard  C-39.2-1944. 
Made  in  a  full  range  of  types  and  capacities, 
these  panel  instruments  are  built  to  Roller- 
Smith  high  standards  of  precision  and  de¬ 
pendability.  Furthermore,  our  expanded 
production  facilities  are  permitting  us  to 
speed  deliveries.  Write  today,  outlining 
your  panel  instrument  needs. 

OTHER  R  $  INSTRUMENTS 

• 

Panel,  switchboard  and  portable  instruments  of 
practically  every  standard  size,  shape,  capacity, 
type  and  style  are  included  in  the  line  of  R-S 
instruments.  The  circuit  tester  at  the  right  and 
flush-mount  miniature  ammeter  at  the  far  right 
are  typical  of  the  fine  time-tested  instruments  that 
hear  the  R-S  nuirk.  Write  today,  outlining  your 
instrument  requirements. 


flDLLER-SMITH  . 

In  all  Principal  CHiat  Conadion  Plant:  ROLLER-SMITH  MARSLAND  LTD.,  Kitchener,  Ontario 


BETHLEHEM,  PENNA. 


STANDARN  AND  PRECISION  ELECTRICAL  INSTRUMENTS  OF  EVERY  TYPE 
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Rotary  Cam  Lever  Switch 

The  new  rotary  cam  lever  switch 
is  designed  for  one  to  six  index 
positions.  Any  combination  of 
spring-leaf  contact  assemblies  is 
available  for  each  of  the  six  posi¬ 
tions.  Practically  any  number  of 
circuits  in  'sequence  (or  repeat) 
can  be  opened  or  closed  by  the  use 
of  a  single  control  knob.  One  hole 
is  required  in  the  panel  for  mount¬ 
ing,  and  contact  assemblies  in  any 
section  can  be  removed  from  the 
frame  by  removing  one  bolt.  Other 
features  of  the  unit  include  spring 


ELIZABETH  A’G'A  NEW  JERSEY 

AM8HCAN  GAS  ACCUMUUTOR  COMPANY 


type  actuators,  cast  aluminum 
frame,  Bakelite  cam®  and  rollers, 
static-shielding  nickel-plated  phos¬ 
phor  bronze  contact  springs,  solid 
silver  contacts,  circular  cams  for 
locating  up  to  12  low-friction 
spring-type  actuators,  and  contact 
build-ups  assembled  under  pressure. 
The  switch  is  rated  at  10  amp, 
125  V  a.c.,  and  is  built  to  meet  Gov¬ 
ernment  specifications. 

General  Control  Co.,  1200  Soldiers 
Field  Road,  Boston  34,  Mass. 


men 


Hardware  Kit 

For  laboratory  work  there  is 
available  a  1500-piece  radio  hard¬ 
ware  kit  which  is  housed  in  a  18- 
compartment  clear  plastic  box, 
consisting  of  small,  medium  and 
large  6-32,  8-32  and  10-32  screws 
with  service  binder,  washer  and 
rounded  heads,  nuts  and  washers, 
as  well  as  assorted  lock  washers, 
Parker-Kalon  self-tapping  screws, 
spade  bolts,  rivets,  plus  switch  and 
volume  control  hardware.  Most  of 
the  hardware  is  made  of  brass 
stoclc  with  assorted  finishes  includ¬ 
ing  nickel,  copper,  oxidized,  cad¬ 
mium  and  parkerized. 

Walker- Jimieson,  Inc.,  311  S. 
Western  Ave.,  Chicago  12,  Ill. 
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EXTRUDED  PLASTIC  ROD 


In  a  wide  range  of  shapes,  poultry  bands  and  many  spe- 
sizes  and  varied  colors  many  cial  items.  Accurately  extruded 
miles  of  Extruded  Plastic  Rod  to  plus  or  minus  .00 3  tolerance, 
are  produced  every  day  by  • 

CARTER  for  bookbinding.  Complete  facilities  Jor  automatic 
telephone  cord  wrappers,  spooling  and  winding. 

Let  us  figure  on  your  requirements 

PRODUCTS 

a  CORPORATION 

6922  CARNEGIE  AVENUE  •  CLEVELAND  3,  OHIO 
Mat*  b*iow  thowt  a  f*w  of  th*  maay  dkapm 
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.  .  AT  50,000  FEET 
ANP  -  57.4  DEG.  F 


u  To  the  combat  pilot,  high  up  in  the  inky 

blackness  of  night,  the  glowing  instru« 

V  ments  are  more  than  a  mechanism  .  .  . 
they’re  his  security,  his  strategy  and  his  return 
ticket!  These  lights  must  not  fail! 

To  further  this  dependability  in  aircraft  lighting 
systems,  the  N-Y-T  Sample  Dept,  has  produced 
the  8  ounce  transformer  illustrated— lighter  in 
weight  by  40%  than  any  component  of  tho 
same  output  previously  used. 

Conservative,  from  the  standpoint  of  elec¬ 
trical  and  mechanical  characteristics,  this  N-Y-T 
unit  has  a*  temperature  rise  of  only  30  deg.  C. 
and  permits  operation  over  all  ambient  from 
minus  65  deg.  C.  to  plus  70  deg.  C.  Its  diversity 
of  application  is  illustrated  by  the  fact  that  out¬ 
put  voltages  and  currents  may  be  varied  without 
affecting  size  and  weight,  if  the  output  is  held 
to  30  V.A. 


This  is  but  one  of  the  many  custom-engineerings  executed  by 
N.Y.T.  technicians,  in  hastening  Victory  through  electronicsi 
similar  transformer  products  will  aid  immeasurably  in  the  fui* 
flllment  of  peace-time  advancements. 


NEW  YORK 
TRANSFORMER  CO. 


26  WAVER  LY  PLACE 
NEW  YORK  3.  N.  Y. 


Electronic  Switch 

Trignitrol  designates  a  silent,  posi¬ 
tive-acting,  electronic  switch  for 
use  in  welding  equipment.  De¬ 
signed  to  supersede  mechanical 
switching  on  capacitor-type  weld¬ 
ers,  it  instantly  and  completely  dis¬ 
charges  the  capacitor  bank  through 
the  welding  transformer^with  min¬ 
imum  damage  to  metal  grain  struc¬ 
ture  and  no  burning  of  surrounding 
metal.  The  switch  utilizes  a  Trig- 
niton,  which  is  a  new  mercury- 


H-B  TharmosfoH  and  Tharmo-rcgulo-  ; 
tors  (adjustablo  Hiormostats)  oro  ' 
•pocHlod  and  u«od  oxtontivoly  In 
laboratory,  broodcotting  and  oloc- 
tronic  oquipmont.  Ranges  of  applica-  j 
tion  oro  from  -30  to  +500°  F.  and  both 
straight  and  angle  types  are  avail¬ 
able.  Temperatures  can  be  maintained 
with  these  instruments  to  an  accuracy  of  a  frae-  i 
tion  of  a  degree.  Many  shapes  and  sizes  now 
available  for  shipment.  Write  for  Blue  Book  No.  4 
.  . .  For  more  than  27  years,  H-B  has  been  produc¬ 
ing  specialized  p  .-ecision  instruments  in  large  , 
and  small  quantities  for  the  measurement  and 
control  of  temperature.  Relays,  thermometers, 
manometer  hsbes  and  other  H-B  units  are  stand- 
ard  in  the  field.  Call  on  us  for  assistance , 
in  your  problems.  | 

H-B  INSTRUMENT  COMPANY 

2524  No.  Brood  Street,  Philadelphia  32,  Penna. 


RADIO  MAST! 
and  TOWERS 


pool-conduction  tube  fired  capaci- 
tively  by  a  low-power  trigger  cir¬ 
cuit.  The  switch  is  immune  to  flash¬ 
back  and  oscillatory  discharges. 
.While  the  control  circuit  must  be 
reopened  before  the  Trignitrol  will 
recycle,  the  speed  of  operation  is 
only  limited  by  the  capacitor  re¬ 
charging  intervals.  Power  supply 
is  110  or  220  v  60  cps,  a.c. 

Electronic  Power  Co.,  Inc.,  18 
West  44th  St.,  New  York  18,  N.  Y. 

Timing  Devices 

Series  5900  comprises  synchronous 
motor-operated  automatic  reset 
time  delay  and  interval  timers  for 
time  delays  of  one  second  to  five 
minutes  with  fixed  or  adjustable  in¬ 
tervals.  The  units  are  available 
with  various  assemblies  of  actuat¬ 
ing  arms,  reset  springs,  terminal 
mountings  and  precision  snap 
switches,  NC,  NO,  and  DT.  For  ap¬ 
plications  involving  shock  and  vi¬ 
bration,  the  motors  can  be  equipped 
with  a  shift-counterweight  assem¬ 
bly.  The  motors  are  also  available 
with  special  plating  and  other  pro¬ 
tection  against  high  humidity,  cor¬ 
rosion  and  fungus  growth.  These 
same  units,  designated  as  5148 
series,  are  available  for  d.c.  oper¬ 
ation. 

Haydon  Mfg.  Co.,  Inc.,  Forest- 
ville.  Conn. 


Whofever  your  problems  may  be, 
HARCO  con  solve  them  from  every 
Engineering  angle.  If  none  of  our  16 
Standard  Designs  meet  your  require¬ 
ments,  we  can  give  you  a  "Custom 
Built”  job. 

Please  send  complete  design  specifi¬ 
cations  when  inquiring  for  detailed 
information. 


STEEL  CONSTRUCTION  CO.,  Inc. 

Elizabeth  4,  New  Jersey 
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COPfll.OXIDE  I 


Offers  AU  Three 


( 


Low-voltage 

Rectifiers 


Where  other  manufacturers  offer  one 
or  two  of  the  three  standard  types  of 
low-voltage  rectifiers,  General  Electric 
is  alone  in  supplying  all  three — an  im¬ 
portant  fact  to  remember  when  next  you 
need  a  rectifying  unit.  The  reason:  The 
most  efficient  type  in  one  application 
may  be  least  efficient  on  the  very  next 
application.  It  is  in  determining  which 
type  to  use  in  each  instance  that  G.E. 
can  help  you  most — having  all  three 
types  it  can  give  impartial  engineering 
advice  on  which  one  you  should  use. 
Full  details  from  Section  A844-119, 
Tungar  ^  Metallic  Rectifier  Division, 
General  Electric  Co.,  Bridgeport,  Conn. 


GENERAL  m  ELECTRIC 
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Hear  the  General  Electric  radio  programa:  “The 
G-E  All  Girl  Orcheatra  ”  Sunday  10  P.M.  EWT, 
NBC.  “The  World  Today"  newa,  every  weekday 
6.45  P.M.  EWT,  CBS. 


J 


A 


i 


Ii^^onverters 


Pocket-Type  Circuit  Tester 

This  tester  is  designated  as  Type 
HTD.  It  is  designed  to  determine 
the  resistance  of  an  electrical  cir¬ 
cuit  with  the  scale  reading  directly 
in  ohms.  It  is  available  with  a  range 
from  zero  to  10,000  ohms,  or  with 
two  ranges’ from  zero  to  6,00^and 
zero  to  60,000  ohms.  The  unit 
weighs  19  oz,  and  measures  4i  x  3 
X  li  in.  It  consists  of  a  small  d’Ar- 
sonval,  type  d.c.,  voltmeter  which  is 


DO  YOU  NEED 


Small  Stampings 
Special  Terminals 
Soldering  Lugs 
Precision  Washers 

up  to  5/,"  O.  D. 


Manufactured  to  Your  Specifications 


Large  Tool  Room  Facilities 
plus  20  Years  Experience  insure 

HIGH  GRADE  STAMPINGS 
QUICK  DELIVERIES 

on  Medium  and  Large  Quantities 


Let  Us  Quote  on  Your  Requirements' 


DIEBEL  DIE  &  MFG.  CO. 

3658  N.  Lincoln  Ave.,  Chicago  13,  III.  Pkoae  WELiiagton  4202 


By  JANETTE 


Wherever  there  are  ships,  you  will  find  Janette  converters. 

Jan^  inamdactuimg  6ompan^ 

556'"558  lU  ITlotvcoe  Si.  Chica^,  III. 

■  -  -  -  -  — ‘ 
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P"  FREQUENCIES 

10,  20,  M  60,  80  100  120,  140,  160  ISO,  190 

Accuracy:’  10  parts  in  1,000,000 
Output:  30  volts  at  500,000  ohms 
Inp^  105-125V,  50^  40  natts 
Weight:  50  pounds 


FREQUENCIES 


Octcuk 

<4 


tUem 


Lie? 


J? 


tn 


tpoddii 


iy  here  it  id — - 


MSTANDARD 


This  Multi- frequency 'generator  fur-  circuits,  filters,  reeds— and  in  time meas- 
nishes  the  frequencies  shown  above  at  urement  can  be  minimized  with  the  aid 
the  turn  of  a  switch.  All  frequencies  are  of  this  instrument, 
obtained  from  a  temperature-compen-  Developed  primarily  to  check  frequency 
sated  tuning  fork  and  voltage-stabilized  meters  for  precision  war  work,  this 
circuit.  Multi-frequency  generator  possesses  a 

With  this  unit  it  is  possible  to  calibrate  rugged  durability  and  dependability  in 
oscillators  at  many  seleaed  points  with-  service  that  will  prove  an  extra  value  to 
out  encountering  complex  oscilloscope  niany  laboratories, 
patterns.  One  of  the  uncertainties  in-  Additional  information  available  on  re¬ 
volved  in  development  work  on  tuned  quest. 


Time  Products, 

INC.  Ntw.York  19,  N.  Y. 
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Manufact  uret  o\ 
the 


and  distributor  of 
tTestern  Electric 
Watch ‘rate  Recorders 


American 

.580  Fifth  Avenue 


A 


RECTIFIERS 


LABORATORIES,  INC 


82  Meadoo  Street  Ne<*  H3*en  IP.  Conn 


breakers,  carbon  arc  lamps,  battery 
chargers,  and  other  similar  devices. 
Other  capacities  are  available  on  re¬ 
quest  from  the  manufacturer.  The 
units  are  designed  for  wall  or  bench 
mounting  and  require  no  special 
connections.  They  are  equipped 
with  a  6  ft  input  lead  with  male 
connector  and  a  standard  conven¬ 
ience  receptacle  for  the  output.  The 
10  amp  unit  is  furnished  with  an 
11-point  selector  switch  for  main¬ 
taining  115  V  from  no  load  to  full 
load. 

Federal  Telephone  &  Radio  Corp., 
Newark,  N.  J. 


Give  Siaple 
Metis  of 
Preeisioi  Coitrol 


Industrial  X-Ray  Unit 

Model  50  KV  industrial  x-ray  unit 
is  for  low  kilovoltage  x-ray  inspec¬ 
tion  of  light  metal  alloys,  spot-weld 
control,  micro-radiography,  thin 
sections  of  heavier  metals  and  ar¬ 
ticles  of  loT^  density  such  as  ply¬ 
wood,  plastics,  leather,  glass,  tex¬ 
tiles,  porcelains,  ceramics  and  bio¬ 
logical  specimens.  The  unit  is  self- 
contained,  shockproof,  rayproof  and 
is  rated  for  continuous  operation 
over  long  periods  of  time. 

Picker  X-Ray  Corp.,  300  Fourth 
Ave.,  New  York  10,  N.  Y. 


“Cop^x"  Model  CX-1C2B1,  »  center 
tsp,  full  wave  rectifier.  Completely  en¬ 
closed  in  Bakelite.  Low  capacitance.  Rec¬ 
tifies  high  frequency  current.  Conserva¬ 
tively  rated  up  to  4.5  volts  A.C.,  3.0  volts 
D.C.,  500  microamperes  D.C.  Other 
models  and  capacities  to  meet  all  needs. 


This  i^aiUcontact 
model  is  only  one  of 
a  stries  of  mounting 
and  indicates  only 
one  of  the  complete 
range  of  Luxtron* 
eell  shapes  and  sises 
available. 


Wire-Wound  Surge  Resistors 

Developed  for  x-ray  and  other 
high-voltage  applications.  Type 
290  wire-wound  surge  resistors  are 
capable  of  handling  high  voltage, 
and  dissipating  normally  200  watts. 
The  resistors  are  wound  on  high- 
grade,  non-hygroscopic  ceramic 
forms  with  insulated  Nichrome 
wire,  single  layer  space-wound.  The 
wire  is  protected  with  a  finish  which 
re-insulates  and  resists  heat  and 
operates  on  450  deg  F.  Any  re¬ 
sistance  from  1,000  to  3,000,000 
ohms  is  available.  The  manufac¬ 
turer  cites  as  a  typical  applica¬ 
tion  of  these  resistors  their  use 
in  the  constant  potential  d.c.  out¬ 
put  of  a  high-voltage  Kenetron 
rectifying  system  to  stabilize  the 
performance  of  the  apparatus  to 
which  this  high  potential  is  being 
applied,  with  the  resistors  operat¬ 
ing  either  as  bleeders  or  as  volt¬ 
meter  multipliers. 

Shallcross  Mfg.  Co.,  Jackson  and 
Pusey  Aves.,  Collingdale,  Pa. 


Special  tmrmiiiaU,  or  pro-soldwod 
food  wifM,  prevent  overheoting 
during  OKembly.  Standard  units 
seoied  witii  waterfkooF  lacquers, 
criHcat-opplication  units  potted 
.in  wax.  Stondard  ’'pellets**  gold 
coated  on  Front  surface.  Forming 
poritive  contocti  for  criticai  ap¬ 
plications,  goto  used  on  both 
sides.  High  ieakoge,  but  very 
low  Fofword  resistance.  Highly 
adaptable  mountings. 

To  these  extras,  add  Bradley’s 
ability  to  produce  "Coprox**  rec¬ 
tifiers  For  special  applications, 
then: 


Circuit  simplicitv  contributes  to  a 
constant  How  or  power.  The  obil- 
ity  of  Luxtron  Photocells  to  oper¬ 
ate  instrumenH  and  instrument  re¬ 
lays,  without  ampliftcotion,  re¬ 
moves  the  hazards  of  complex  cir¬ 
cuits. 

This  Fact  alone  recommends  their 
opplicaHon  to  precision  control 
problems.  Another  quality  is 
their  exceptional  resistance  to  vi¬ 
bration,  shock  and  general  mech¬ 
anical  violence.  Th^  Foctors  as¬ 
sure  long  service  and  unusual  ad¬ 
herence  to  calibrated  occurocy. 


Aik  for  ionqole*  ond 
full  ieriinkai  doto. 


Enouteering  inqulrlef  or*  ot- 
woys  wwfconi*. 

Illuilrotwd  data  sent  on  roquwst. 
•R«j.  U.  S.  Pot.  Off. 
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PERMOPIVOTS  have 
emerged  with  an  excellent 
record  from  both  labora¬ 
tory  tests  and  long  periods 
of  actual  use  under  trying 
conditions.  As  a  result 
PERMOPIVOTS  are  now 
generally  accepted  by 
manufacturers  as  the  pivot 
that  keeps  precision  instru¬ 
ments  accurate  longer. 


PERMOPIVOTS  cannot  rust 
or  corrode.  Their  satin- 
smooth  tip  is  non-abrasive 
.  .  .  eliminates  abrading 
particles  of  wear.  Oil  is 
eliminated  by  PERMO¬ 
PIVOTS  extremely  low  co¬ 
efficient  of  friction. 


Writ*  today  tat  yaar  capy 
at  this  intamatiaa  baaktat 


Quartz  Crystal  Holder 

SP-3A  HOLDER  for  quartz  crystals  is 
suitable  for  use  with  certain  air¬ 
craft  and  Navy  crystals,  and  is 'de¬ 
signed  so  that  it  contains  no  crev¬ 
ices,  strands  of  wire,  or  hollow  pins 
which  can  hold  foreign  material. 
The  surfaces  of  the  holder  may  be 
washed  clean  before  sealing.  Solid 
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pins,  imbedded  in  plastic,  are  used 
to  make  the  holder  strong  and  act 
as  an  added  precaution  against  for¬ 
eign  material.  Pins  and  contact 
plates  are  made  of  stainless  steel  to 
prevent  corrosion  under  adverse 
conditions. 

Henry  Mfg.  Co.,  2213  Westwood 
Blvd.,  Los  Angeles  25,  Cal. 

Fungicidal  Concentrate 
for  Waxes 

This  concentrate  is  the  newest 
development  in  a  line  of  fungicides 
developed  in  collaboration  with  mil¬ 
itary  engineers.  The  concentrate 
may  be  used  in  various  insulation 
and  sealing  waxes.  It  does  not  vol¬ 
atilize  or  lose  potency  at  bath  tem¬ 
peratures,  and  it  is  non-toxic  to 
humans  and  therefore  will  not 
cause  dermatitis. 

Insl-X  Co.,  857  Meeker  Ave., 
Brooklyn,  N.  Y. 

Extruded  Tubing 

Though  this  newly  developed  vinyl 
tubing,  designated  Natvar  400 
Series,  has  the  same  electrical  prop¬ 
erties  as  conventional  tubing,  the 
manufacturer  states  that  it  has  bet¬ 
ter  heat  endurance  characteristics, 
resistance  to  oil  embrittlement  and 
resistance  to  gasoline-benzol.  Wires  | 
insulated  with  it  may  be  soldered 
without  special  care  or  technique 
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SP  RELAYS 


for  radio  and 
communications  equipment 


Compact  and  shockproof,  the  SP  ^ 
Relay  has  been  especially  de¬ 
signed  as  a  general  purpose  relay  with 
the  ability  to  withstand  shock  and  vibra¬ 
tion.  Molded  phenolic  base  makes  it  par¬ 
ticularly  resistant  to  the  corrosive  action 
of  salt  water  and  weathering.  Ideal  for 
communications  equipment  of  all  kinds, 
radio  equipment,  aircraft  equipment  and 
other  applications.  AC  and  DC  types. 


WRITE  FOR 
NEW  DESCRIPTIVE 
CATALOG 
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INDUSTRIAL  GASKETS;  DIE  CUT  SPECIALTIES  NE W. ..SAF-T-PAK  BOXES  FOR  SMALL  PARTS 


Pierce  industrial  gaskets:  manufactured  to  precision  dimen* 
sions  from  paper,  felt,  cork,  asbestos,  synthetic  rubber,  leather 
or  special  compositions;  meet  specifications  for  resistence  to 
oil,  water,  gasoline,  heat,  pressure.  Die-cut  specialties:  pro¬ 
duced  by  rotary  press,  platen  press,  p^nch  press,  or  drawing 
methods  from  paper,  felt,  cork,  special  compositions. 


Pierce  Saf>T*Pak  Boxes:  specially  designed  to  individual  re¬ 
quirements  for  the  protection  of  sm^ll  precision  parts  and 
other  fragile  items  easily  damaged  in  shipment.  Can  be  pro¬ 
duced  from  kraft,  chipboard,  or  special  compositions  in  a 
wide  variety  of  forms  with  die-cut  cells,  cushion  liners,  par¬ 
titions,  other  construction  features  of  protective  packaging. 


PACKAGING  AND  SHOP  PRODUCTION  ENVELOPES  SPIRAL-WOUND  PAPER  TUBES  AND  CANS 


■  Pierce  packaging  envelopes  for  holding  small  flat  parts; 
I  metal-top  envelopes  for  secure  fastening  and  convenient  re- 
.  opening;  waterproof  and  greaseproof  envelopes  to  meet  all 
j.  specifications;  duplex  shop-order  envelopes  —  with  protective 
j-  glassine  panels:  the  modern  method  of  keeping  blueprints  and 
I  production  orders  together  during  work  in  progress. 


Pierce  spiral-wound  tubes  and  cans:  in  diameters  from 
to  6"  —  any  required  length  —  from  waterproof  paper,  kraft, 
chipboard,  special  compositions.  Also,  Pierce  Saf-T-Pak 
tubes  with  felt  liner  for  protection  of  fragile  parts  in  shipment. 
Pierce  protective  caps  and  tubes  for  male  and  female  threads: 
made  in  any  size,  waxed  or  plain. 


I  ★  WRITE  FOR  SAMPLES  AND  COMPLETE  INFORMATION 

Wires  t 

ildered 

Unique  j  7HaM€€factetne<C  ^  PIERCE  PAPER  PRODUCTS  CO.,  2726-B  AUBURN  STREET,  ROCKFORD,  ILLINOIS 
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fji  tur(  r\  of 

DIAMOND  ABRASIVE  WHEELS 


and  without  flow  or  opening  of  the 
tubing  near  the  point  of  soldering. 
It  is  tough,  resistant  to  tear,  and 
has  tensile  strength  in  excess  of 
3000  psi,  with  elongation  from  170 
to  410  percent  depending  on  the 
type  of  tubing.  It  remains  flexible 
down  to  —80  deg  F.  The  tubing  is 
chemically  inert  and  is  suitable  for 
oil  lines,  sheathing  and  other  pro¬ 
tective  coverings  in  applications 
where  adverse  oil,  solvent  or  acid 
conditions  are  severe,  and  where 
protection  from  chemicals  or  vibra¬ 
tion  is  required  over  a  wide  temper¬ 
ature  range. 

The  National  Varnished  Prod¬ 
ucts.  Corp.,  Woodbridge,  N.  J. 


REFLEX 

SPEAKERS 


DESIGNED 
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Molded  Mica  Capacitors  I 

Three  types  of  capacitors  have  ^ 
been  added  to  the  manufacturer’s 
line  of  “El  Menco”  capacitors. 
Type  CM-20  comes  in  two  types 
which  include  No.  503J  and  603J. 

Both  of  these  have  cases  which 
measure  H  x  A  x  A  inches,  with 
wire  terminals  measuring  0.032 
inches  in  diameter  and  li  in.  long, 
thinned  brass.  No.  503-J  (foil)  is 
rated  at  a  capacity  range  from  2.5 
to  1500  /i/if,  maximum  working  volt 
from  800  to  300,  and  minimum 
tolerances  rated  from  10  percent 
to  ±  5  percent.  No.  603J  (silver) 
has  a  capacity  range  of  2.5  to  1000 
/i/if,  maximum  working  v  of  500; 
and  a  minimum  tolerance  of  d=  2 
percent.  The  third  tsrpe  is  desig¬ 
nated  CM-40  (604L  silvered).  Case 
dimensions  are  lA  x  H  x  in. 
Wire  terminals  measure  0.040 
inches,  in  diameter  and  If  in  long, 
thinned  brass.  Capacity  range  is 
from  470  to  10,000  /i/if;  maximum 
working  voltage  is  500;  and  ±  2 
percent  minimum  tolerances. 

The  Electro  Motive  Mfg.  CJo., 
Willimantic,  Conn. 


^  RUGGED  ^ 
CONSTRUCTIOH 


DI-MET  RIMLOCK 

DIAMOND  ABRASIVE  BLADES 

For  slicing  quortz  wofors  in  crystal  monufocturo 


REFLEX 
SPEAKERS 
ARE  THE 
ACCEPTED 
STAHDARD 
FOR  ALL 
WAR 
USE 


DI-MET  METAL 
and  RESINOID  BONDED 
DIAMOND  ABRASIVE  WHEELS 

For  qvortz  and  sintorod  corbido  cutting  and 
grinding  oporations. 


Ivory  high  of- 
ficioncy  spook- 
or  In  Univorol- 
tys  oxtomiva 


For  finishing  quartz  crystals  and  corbido  cutting 
tools. 


Precision  Welding  Tinier 

Suitable  for  welding  small  ob¬ 
jects  of  high  conductivity  such  as 
aluminum  or  copper,  a  new  precise 
welding  timer,  designated  as  SP-18, 
is  available  with  heat  control  for 
timing  intervals  of  one-half  cycle 
or  less.  The  timer  is  designed  for 
welding  of  such  items  as  radio  tube 
parts  and  sockets,  pig-tail  resistors 


Snbmit  your  too- 
c  i  o  I  loudspoakor 
probloffl  diroct  to 
oar  onglnooring 
doportmont. 
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History  of  Communiriitiops  Number  Six  of  a  Series 

COMMUNICATION  BY  SEMAPHORE 

• 

The  Semaphore,  as  a  means  of  communication,  met  first  commercial 
acceptance  in  France  under  the  authority  of  Napoleon  in  1792. 
Restricted  by  “line  of  sight”  and  low  power  eye  pieces,  excessive 
numbers  of  relay  stations,  as  pictured  above,  were  required  for  “direc¬ 
tional  broadcasting”  over  rough  terrain.  Weather  conditions,  too,  were 
a  handicap.  Because  of  the  code  used  and  its  necessary  translation, 
delays  and  errors  were  continually  encountered. 

Today,  in  the  era  of  applied  electronics,  Universal  microphones  are 
being  used  to  expedite  messages  on  every  battle  front  in  the  service  of 
the  Allies.  Universal  is  proud  of  its  contribution  in  the  electronic  voice 
communications  and  its  every  effort  to  our  ultimate  Victory. 


Model  T~45,  illustrated  at  left,  is  the  new  Lip  Micro¬ 
phone  being  manufactured  by  Universal  for  the  U.  S. 

Army  Signal  Corps.  Shortly,  these  microphones  will  be 
available  to  priority  users  through  local  Radio  Jobbers. 

UNIVERSAL  MICROPHONE  COMPANY 

INGLEWOOD,  CALIFORNIA 


rOMIGN  DIVISION:  301  CLAY  STREET,  SAN  FRANCISCO  O,  CALIFORNIA  ••  CANADIAN  DIVISION;  SAO  KING  STREET  WEST.  TORONTO  I.  ONTARIO,  CANADA 
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to  terminal  lugs,  watch  and  instru¬ 
ment  parts,  contact  tips  on  electri¬ 
cal  relays  and  other  small  parts. 
The  instrument  is  furnished  as  a 
separate  control  for  use  with  exist¬ 
ing  small  bench  welders  in  com¬ 
bination  with  a  small  welding 
transformer.  One  control  tube  is 
used,  and*  this  thyratron  servea  the 
dual  purpose  of  rectifying  alternat¬ 
ing  current  to  charge  a  firing 
capacitor  and  also  firing  the  small 
ignitron  power  tube.  Heat  control 
is  accomplished  by  a  phase-shift 
method,  the  adjustment  dial  for 
which  is  mounted  on  the  cabinet 
door.  The  timer  is  rated  at  230/ 
460  volts,  50/60  cps. 

Department  7-N-20,  Westing- 
house  Electric  &  Mfg.  Co.,  East 
Pittsburgh,  Pa. 


iim9  consuft  ihcfrfc  Company 


Radio  Tower 


Bantam  King  is  the  name  of  30, 
50  and  100-ft  steel  towers  made  of 
interchangeable  four-foot  sections 
each  six  feet  in  height.  The  towers 
are  easily  and  quickly  installed,  and 
may  be  used  as  a  portable  or  per- 


7-1 1  ELKINS  ST..  SO.  BOSTON  27,  MASS 


35  YiARS  Of  fLASTIC  MOLDING  fXfiHIENCl 


MEMBER  OF  THE  SOCIETY  OF  THE  PLASTIC  INDUSTRY 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 
SQUARE,  OBLONG  AND  ROUND 

CLOSEST.  TOLERANCES 

• 

EXCELLENT  FINISH 

MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 

PROMPT  DELIVERIES 

Send  for  full  information  /•■  “ 

UNION,  NiW  JIRSIY 


manent  units.  They  may  be  used 
for  vhf  and  fm  radiators,  rotary  or 
stationary  beam  antennas,  or  for 
radio-range  and  radio  beacon  sys¬ 
tems. 

Harco  Steel  Construction  Co., 
Inc.,  1180  East  Broad  St.,  Elizabeth 
4,  N.  J. 


Fungus  Resistant  Coatings 

These  four  new  moisture  and  fun¬ 
gus  resistant  coatings  for  war 
equipment  have  been  approved  by 
the  Signal  Corps.  They  include: 
Tuf-On  No.  74-F  Bakelite  resin 
varnish  which  takes  12  min  to  set, 
and  1  hr  to  dry  hard;  Tuf-On  No. 
74-M  which  is  also  a  Bakelite  resin 
varnish.  It  takes  5  min  to  set  and  45 
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This  is  ths  first  in  a  ssriss  of  advertisomsnts  dssign^  to  miorm  you  about  Frood 
TronsfonuMS.  Tho  spoctaculcnr  wartime  dereloiunents  originating  in  the  Freed 
Laboratories  are  worUiy  of  o  page  in  Electronic  Historyl  The  ingenious  opplicotions; 
the  engineering  efficiency;  the  relioble.  unfcdling  performance  of  Freed  units  all 
built  to  exocting  specifications  —  ore  tributes  to  the  resourcefulness  and  sound, 
basic  knowledge  of  our  engineering  stafL  .  .  .  This  staff  is  oroilable  to  assist  you, 
and  we  urge  any  engineer  struggling  with  an  intricate  problem  to  submit  it  with¬ 
out  delay. 


Electronics 


CTRONIC- 


3i 


^WVICTORV* 


Ours  is  the  plant  behind 
mony  plants . . .  molding 
parts  for  numerous 
contractors  who  are  supplying  the  Navy, 
the  Army  Air  Forces,  and  the  Signal  Corps. 


Molding  millions  of  precision 
'  plastic  parts  for  the  Armed  Forces  is 
still  our  big  job,  but  we  have  the 
time,  the  equipment  and  a  highly 
skilled  staff  to  handle  a  limited  num¬ 
ber  of  new  contracts  — and  do  a 


better  molding 
job,  on  time. 

Whether  for 
production  now, 
or  after  the  War, 
our  engineers 
are  ready  to 
work  with  you 
immediately. 
Write  us  today 
and  let  us  know 
your  molding 
problems. 

Memher:  Soeitty  e/ 
|A«  Plastics  Indsutry 


Automtrtic 
Infactien  Molding 
Small  and  lorga  poilt 

r.'17-OZ.  SHOTS 

Lmnarltli,  Tantto. 
Flbastoa,  PUatacalla, 
Ciyatalllta,  Ladta. 

Etliyl  CtHaloaa, 
FohratnM,  Uistraa. 
Styroa.  Vhiyllta.  Laalhi. 
Callulast  Acatata  and 
atkart . . .  aH  maldad  ta 
yaar  axactlag 
spadflcatleDS. 


-YICTORV 

MAUUrACTURIHC 

COMPANY 

1724  Arcodu  Ptoc9,  Chicago  12,  Ui 

fSTABlISHED  T930 


min  to  dry  hard;  Tuf-On  No.  68-F 
coating  which  dries  very  hard  in 
10  min,  and  takes  5  min  to  set;  and 
Tuf-On  No.  58-M  coating  which 
also  takes  10  min  to  dry  hard,  and 
5  min  to  set.  The  drying  times  are 
based  on  testing  methods  as  given 
in  Signal  Corps  Specifications. 

The  manufacturer  recommends 
the  varnish  types  No.  74-F  and  No. 
74-FM  for  the  protection  of  rigid 
parts  and  assemblies  because  of 
their  high  moisture  resistance,  di¬ 
electric  strength  and  good  adhesion. 
No.  58  is  for  use  where  consider¬ 
able  fiexibility  in  the  coating  is  re¬ 
quired  such  as  for  wire,  and  where 
a  good  fire  retardant  quality  is  de¬ 
sirable.  This  coating  is  also  for 
use  in  applications  where  better 
protection  has  to  be  sacrificed  for 
speed  of  production. 

Wipe-On  Corp.,  106  Hudson  St., 
New  York,  N.  Y. 


Wide-Range  Oscilloscope 

Type  248  oscilloscope  is  a  wide 
range,  portable  instrument  which 
consists  of  two  units,  namely  the  os¬ 
cilloscope  and  the  power  supply  con¬ 
nected  by  a  6  ft  plug-in,  shielded 
cable.  A  removable  cover  protects 
the  oscilloscope  panel  when  the  in¬ 
strument  is  not  in  use.  The  power 
supply  unit  weighs  80  lb  and  the 
oscilloscope  unit  weighs  30  lb. 
Each  unit  measures  14  x  18  x  21 
in.  The  vertical  amplifier  is  usable 
to  10  Me.  A  delay  network  in  the 
j  vertical  channel  permits  observa- 
:  tion  of  the  entire  wave  shape  of 
short-duration  phenomena. 

Allen  B.  DuMont  Laboratories, 
Inc.,  Passaic,  N.  J. 


Exponential  Rule 

This  rule  attempts  to  give  a 
graphical  presentation  of  natural 
and  common  logarithms,  exponen¬ 
tials  and  reciprocals;  giving  direct 
and  without  interpolations  the 
characteristics  and  mantissas  of 
numbers  ranging  from  1.  up  to 
100,000,  and  from  1.  down  to 
0.00001.  It  is  an  improvement 
over  the  rule  released  in  1932. 

Louis  B.  Sklar,  816  North  Sixth 
St.,  Philadelphia,  Pa. 


HEXACON 


ELECTRIC  SOLDERING  IRONS 

operator  fatigwo  .  .  .  oatior 
manipulation  .  .  .  rapid,  uniform 
hoot— —those  are  a  few  of  the  featurAt 
responsible  for  the  wide  popularity  of 
HEXACON  electric  soldering  irons. 
Constructed  for  maximum  operating  effi¬ 
ciency,  HEXACON  heating  elements  are 
housed  in  damage- proof,  hexagon- 
shaped  barrels  for  protection  from  me¬ 
chanical  injury.  High  heat  alloy  cores 
resist  scale  and  prolong  element  Hfe. 
Insulation  breakdown  tested  for  twice 
the  requirements  of  the  Underwriters* 
laboratories. 


WRITE  FOR  LITERATURE 

Doscrlptlva  bultatini,  describing 
the  complete  line  of  HEXACON 
electric  soldering  Irens,  will  be 
sent  on  request. 


HEXACON  ELEGRIC  COMPANY 

now.  CLAY  AVE.,  ROSELLE  PARK,  N.  J. 
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Electronic  Heating  Unit 

Heater  units  for  electronic  heat¬ 
ing  in  such  applications  as  brazing 
and  soldering,  melting  metals,  bom¬ 
barding  tubes,  surface  hardening, 
sealing  packages,  and  glass  bond¬ 
ing  to  metals  are  available  for  fre¬ 
quencies’ up  to  300  megacycles,  and 
in  power  ranges  of  3,  5,  7i,  10,  12i, 
15,  18,  26,  40  and  100  kw,  with 
stepless  control  from  zero  to  full 
load.  The  heater  units  are  espe¬ 
cially  designed  for  their  particu¬ 
lar  applications. 

Scientific  Electric,  Div.  of  “S” 
Corrugated  Quenched  Gap  Co.,  119 
Monroe  St.,  Garfield,  N.  J. 


RE-CONVERSION  LAG" 

. . .  will  if  hit  you  hard? 


Your  company's  race  to  capture  post-war  markets  will  depe 
speed  with  which  key  production  men  can  shift  from  war  to  pe 
ing  and  assembly. 

This  critical  transition  time  can  be  materially  shortened  if  pli 
tion  include  knowledge  of  preferred  equipment,  tools,  me 
specifications. 

Where,  for  instance,  would  you  turn  for  newest  methods  o 
heated  compounds  under  pressure  or  vacuum?  Or,  for  spraying 
from  a  pressure  spray  tank?  Or,  melting  Korogel?  Or,  sprayi 

You'll  find  the  Sta-Warm  Produc-  ‘ 
tion  Engineering  Service  Department 
well  stocked  with  ready  answers  to 
these  and  other  similar  questions.  Use 
of  Sta-Warm  electrically  heated  tanks, 
kettles  and  pots  before  the  war,  plus  <4 
greatly  expanded  applications  by  war  ' 

contractors,  provides  a  backlog  of 
data  now  available  to  you.  For  factual 
information  about  melting,  conveying 
or  dispensing  heated  compounds  and 
soft  metals,  write  to  Sta-Warm. 

Have  you  latest  bulletin  no.  036? 

Ask  for  it  today. 


Fastener  Studs 

Only  a  quarter  turn  is  required 
to»lock  or  unlock  these  new  fastener 
studs  which  can  accommodate  total 
sheet  thicknesses  of  from  0.021  to 
0.500  inches,  and  which  have  an  ad¬ 
justable  range  of  nearly  one-half 
inch.  Adjustment  is  accomplished 
from  the  outside  to  any  desired  ten¬ 
sion  and  locking  torque.  The  studs 
are  available  in  standard  dimen- 


100  gal.  prassura  impregnating 
tank  with  countar  balanced  top. 


sions,  are  interchangeable  with  all 
snap  or  spring-type  fasteners  and 
will  fit  existing  pin-type  receptacles. 
Badly  damaged  or  bent  surfaces  can 
be  securely  fastened  immediately. 
Illustrated  (from  left  to  right)  are 
types  NU-F-5,  NU-V-5  and  NU-7. 

Nigg  Engineering  Co.,  Covina, 
Cal. 


•  NEW  INSTALLATIONS 


•  WIRE  ASSEMBLIES  •  MAINTENANCE  JOBS 


E-Z  CODE  Wire  Markers  come  on  handy  cards.  They 
are  simple  to  use,  stick  quickly,  no  moistening,  stay  on 
and  stand  abuse. 

Our  standard  types  fit  most  coding  requirements, 
although  special  codes,  sizes  and  arrangements  can  be 
made  to  your  specifications.  Prompt  deliveries. 

Write  today  to 

WESTERN  LITHOGRAPH  COMPANY 

Dept.  A4,  600  East  2nd  St.,  Los  Angeles  54,  California 


Silicone  Resins 

New  organo-silicon  polymers,  des¬ 
ignated  as  “Silicones”  are  now 
commercially  available  for  applica¬ 
tions  essential  to  the  war  effort.  The 
manufacturer  states  that  these  sili¬ 
cone  resins,  when  used  for  electrical 
insulation,  extend  the  range  of  op¬ 
erating  temperatures  possible  in 


366 


August  T944  — ELECTRONICS  !  ELECTI 


eat- 

sing 

om- 

ing, 

jnd- 

fre- 

aiid 

m, 

vith 

full 

spe- 

icu- 


“S” 

119 


ired 
‘ner 
otal 
I  to 
ad- 
half 
ihed 
ten- 
:uds 
len- 


1  all 
and 
lies, 
can 
tely. 
are 
U-7. 


ma^ 


des¬ 
now 
lica- 
The 
sili- 
rical 
op- 
;  in 


MICS 


The  ROTARY  RELAY 

that  withstands  SHOCK 
and  VIBRATION!! 


Ro-Trol  it  a  n4w  basic  relay  unit,  operating  on  a  rotating 
balanced  principle,  instead  of  the  conventional  method. 
It  was  developed  especially  to  withstand  the  severe  shocks 
and  vibration  of  war  planes,  tanks,  ships,  etc. 


The  "HUSKY"  Line 


includes  many  ofher  styles 
of  Relays  and  Controls  .  .  . 


The  basic  Ro-Trol  unit  it  adaptable  to  a  wide  variety  of 
Wafer  and  Multiple  contact  arrangements.  It  is  most 
compact,  the  basic  unit  measuring:  2*/2"  *  I'/l"  *  1%"- 
Electronic  engineers  in  both  military  and  private  fields 
have  proclaimed  "Ro-Trol"  a  great  advance  in  Relay 
Engineering. 


As  a  result  of  30  years  of  experi¬ 
ence  we  have  also  developed  a 
complete  line  of  relays  for  radio 
transmitter  and  general  control 
applications,  including:  Time 
Delay  Relays,  Motor  Starting 
Relays,  High-speed  Keying,  and 
Power  Contractors. 


SEND  FO>’  CATALOG  RE-48 


This  portfolio  gives  complete  engineering  data 
about  Ro-Trol  and  other  types  of  Relays  we  manu¬ 
facture.  It  should  prove  useful  whenever  you  have 
need  for  Relay  applications.  Get  a  copy  today. 


30  YEARS  OF 
"KNOWING  HOW" 


We  manufacture  in  our  own 
plant  practically  everything  that 
goes  into  our  products.  We  are 
equipped  to  furnish  a  standard 
diversified  line  as  well  as  to 
manufacture  equipment  built  to 
particular  specifications. 


PRICE  Brothers  Co 


RELAYS,  CONTROLS,  AND  MAGNETIC  DEVICES  ★  30  YEARS  EXPERIENCE 
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electrical  equipment  beyond  the 
limit  of  thermal  stability  of  con¬ 
ventional  organic  materials.  One  of 
the  resins  is  available  as  a  coating 
and  impregnating  varnish  which 
may  be  applied  to  Fiberglas  cloth, 
asbestos  cloth,  asbestos  paper  and 
Fiberglas  service  wire  and  similar 
products  by  conventional  dipping 
and  drying  methods.  It  requires 
baking  at  a  temperature  of  250  deg 
C  for  one  to  three  hours  to  cure  to  a 
non-tacky  state.  Another  resin  is 
an  impregnating  varnish  which  sets 
with  heat  at  200  deg  C.  Neither  of 
these  materials  carbonize  or  darken 
when  subjected  to  prolonged  heat¬ 
ing  at  the  curing  temperatures. 

Dow  Corning  Corp.,  Midland, 
Mich. 


A  Complete 

Fungicide 

treatment 

for  Small  Fails.. 


Revolving  Field  Generators 

Katoligmt  revolving  field  gener¬ 
ators  are  built  in  sizes  5,  10,  15  and 
25  kw,.  4  pole  (1800  rpm).  These 
generators  can  be  furnished  as  in¬ 
dependent  two-bearing  generators 
suitable  for  belt  or  coupling  drive 
or  as  single  bearing  generators  de¬ 
signed  to  fit  standard  SAE  engine 


The  Model  MQ.-FS  is  designed 
•for  switching  applications  requir¬ 
ing  long  life  and  dependability. 
Due  to  its  ability  to  control  mul¬ 
tiple  circuits,  it  is  used  by  the 
thousands  for  electronics  and 
communications  equipment.  Roller 
cam  action  eliminates  contact 
bounce  ~  single  bolt  secures  or 
releases  contact  assemblies  — 
contact  possibilities  are  unlimited. 
If  you’re  thinking  of  switching, 
think  of  the  original  cam  lever 
switch  specialist.  General  Control 
Company! 


Wax  or  Varnish 


In  accordance  with  governmant 
specifications,  we  can  render  a 
FUNGICIDE  treatment  along  with 
our  complete  moistureproofing 
service.  Small  parts  are  thoroughly 
dehydrated  for  the  length  of  timo 
needed  to  thoroughly  extract  mois¬ 
ture.  Parts  are  waxed  and  varnished 
according  to  specifications  and  all 
areas  are  thoroughly  coated.  Suffi¬ 
cient  time  is  allowed  to  thoroughly 
impregnate  all  materials  to  the  full 
extent  of  their  porosity.  All  surplus 
wax  is  removed  by  this  operation 
leaving  all  machined  surfaces  and 
counter  bores  clean  and  smooth. 
All  smooth  surfaces  are  polished  to 
a  dust-free  hard  finish. 


*$ingle  Bolt  Assembly. 

*Static  Shielding. 

*No  Side  Thrust. 

*Govemment  approved. 

^Mechanically  stronger. 

*Rating  —  10  amps.  125  V.  A  C 
—  2  amps.  125  V.  0.  C 
^Breakdown  — -  2500  V.  Between  Springs 
—4500  V.  Springs  to  Frame. 
'Write  for  Catalog  No.  MQ-20. 


bell  housing.  They  are  conserva¬ 
tively  rated  and  will  carry  25  per¬ 
cent  overload  without  exceeding  al¬ 
lowable  temperature  rise.  Voltage 
regulation  is  approximately  10  per¬ 
cent  with  2  cycle  speed  change.  Il¬ 
lustrated  is  Model  49EG04  which 
is  a  10  kw,  110  V  a.c.  motor. 

Kato  Engineering  Co.,  Mankato, 
Minn. 


Daily 

PICK-UP  AND  DELIVERY 
in  METROPOLITAN  AREA 


Rectifier 

Model  No.  869B  rectifier  tube  is 
for  use  in  broadcasting  or  induction 
heating  equipment.  It  is  designed 
to  withstand  rough  usage,  vibration 
and  high  peak-inverse  voltages  with 
no  arc  back.  The  carbon  anode  of 
the  unit  is  a  large,  heavy-duty  type. 
Protection  is  provided  against  loose 


I  GENERAL 

I  CONTROL  COMPANY 

I 

laoa  soLDiMS  field  road 

•OSTON  34,  MASS. 
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Fiberglas 


...A  BASIC 
MATERIAL 


T.M.  Reg.  U.S.  PeuOff. 


YARNS  •  TAPES  •  CORD  •  SLEEVING  •  CLOTH  AND  OTHER  FORMS 


Fiberglas*  Electrical  Tapes... 


. . .  inorganic  . . .  strong  . . .  wide  range  of  sizes  . . . 


con  help  solve  your  electrical  insulating  problems 


Many  complicated  electrical  design  and  repair  prob¬ 
lems  have  been  solved  by  the  use  of  Fiberglas  Tapes. 
One  of  the  many  advantages  is  their  availability  in 
a  wide  range  of  widths  and  thicknesses. 

Fiberglas  Tapes  are  as  thin  as  .003'^  and 
as  thick  as  .015'%  with  intermediate  thick¬ 
nesses  of  .005",  .007"  and  .010" . . .  Standard 
widths  range  from  %"  to  IV2". 

But,  you  can  also  add  to  this  feature  the  extraor¬ 
dinary  tensile  strength  of  Fiberglas  Tape!  Fiberglas 
Tape — X  .003" — ^has  an  approximate  breaking 
strength  of  80  lbs.!  Compare  this  breaking  strength 
with  those  of  .007"  organic  tapes! 

Fiberglas  Tapes,  being  glass,  have  many  proper¬ 
ties  which  make  them  most  desirable  for  use  in  the 
insulating  of  electrical  equipment  .  .  .  resistance  to 
high  temperatures,  moisture,  oil,  corrosive  vapors. 


In  combination  with  suitable  varnishes,  the  result  is 
longer-lasting  and  more  efficient  electrical  insulation. 

Fiberglas  m  available  in  all  of  the  standard  un¬ 
treated  forms,  together  with  varnished  cloth,  mica- 
Fiberglas  combinations,  varnished  sleeving,  pres¬ 
sure-sensitive  tapes  and  Fiberglas  laminates. 

So,  whether  you  manufacture,  service,  buy  or  use 
electrical  equipment — Fiberglas  is  worth  knowing 
about,  in  every  detail. 

Fiberglas  electrical  insulating  materials  are  now 
IMMEDIATELY  AVAILABLE  in  quantity  from 
distributors’  stocks. 

When  you  write  for  complete  information,  include 
a  request  for  your  copy  of  booklet  “What  Keeps  the 
Wheels  Turning”  .  .  .  Owens-Corning  Fiberglas 
Corporation,  1860  Nicholas  Bldg.,  Toledo  1,  Ohio. 
In  Canada,  Fiberglas  Canada,  Ltd.,Oshmva,Ontario. 
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anodes.  The  cathode  shield  is  made 
with  an  edgewise-wound  ribbon  fila¬ 
ment  of  a  new  alloy  which  provides 
emission  reserve  and  longer .  life. 
The  tube  has  the  following  rated 
characteristics:  Maximum  peak-in¬ 
verse  anode  current  (26-150  cycles) 
10  amp ;  average  anode  current 
2.6  amp  (in-phnse  filament  excita¬ 
tion)  ;  typical  conditions  in  a  sin¬ 
gle-phase,  full-wave  circuity  (2 
tubes) ;  a.c.  input  voltage  7070 
(RMS  per  tube)  ;  d.c.  output  volt¬ 
age  6360  ;  maximum  d.c.  load  cur¬ 
rent  5  amp. 

Arpin  Mfg.  Co.,  422  Alden  St., 
Orange,  N.  J.  ^ 


opal,  y 
half-r( 
obtain 
Dial 
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Extensive  research  and  manufacturing 
development  has  been  put  back  of  the 
various  G.  A.  W.  Carbonyl  Iron  Powders 
— used  by  leading  core  manufacturers. 
Powders  with  different  characteristics 
ore.  available  for  specific  radio-elec¬ 
tronic  applications. 


Minia 
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long,  j 
closed 
tains 
ing  i 
type 
actual 
case  i] 
by  a  £ 


Write  for  samples  and 
further  information. 


Water-Seal  Electrical 

a 

Gonfiectors 

OONNECTORS  WHICH  SEAL  cable  ends 
against  water  are  available  in  sev¬ 
eral  types,  some  of  which  include 
Hysealug  for  single  conductor  'ca¬ 
bles  and  Hysealinks,  Hysealplugs, 
etc.,  for  cables  from  No.  4  to  2000 
mcm.  The  connectors  are  made 
from  pure  copper  and  are  silver 


GENERAL  ANILINE  WORKS 

A  division  of 

General  Aniline  and  Film  Corporation 

435  Hudson  St.,  Now  York,  N.  Y. 


Manafacfnrers  and  Sola  DIsfrIbntors 


parts 
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plated.  The  barrel  of  the  connec¬ 
tors  is  indented  onto  the  conductor 
while  the  shroud  is  compressed 
over  insulation  to  form  a  water¬ 
tight  cable  end  seal. 

Burndy  Engineering  Co.,  Inc., 
107  Eastern  Blvd.,  New  York  54, 
N.  Y. 


%Piif  fko  finger  on  dangerous  insulation  with 
the  versatile  VIBROTEST  . . .  prevent  costly  elec¬ 
trical  breakdowns  before  they  happen  I  Just  a 
mere  press  of  a  button  and  the  large  clear-faced 
meter  teHs  the'  story  quickly  in  megohms  or  ohms. 

No  hand  cranking  ...  no  leveling  ...  no  vise- 
Med«i  »i  viiaoTEST  |j|jg  g^jp  ,  .  ,  jujf  an  easy  one  man  job. 

Model  201  VIBROTEST  ^  .  .  sturdy,  compact  and  easy  to  use  .  .  .  also  pro¬ 
vides  triple  AC  and  DC  voltage  ranges.  Only  two  terminals. .  Many  VIBRO¬ 
TEST  models  available  to  meet  other  requirements.  Write  today. 


Pilot  Light  Assembly  ' 

“Trio-Light”  pilot  light  assembly 
is  a  unit  designed  to  aid  in  the  con¬ 
trol  of  multiple  co-ordinated  cir¬ 
cuits.  It  is  available  in  any  size 
bank,  in  multiples  of  three  pilot 
lights  to  each  assembly.  The  silver 
plated  terminals  of  the  assembly 
are  secured  to  insure  perfect  con¬ 
tact  under  severe  stress.  The  lamp 
sockets  of  the  pilot  lights  accom¬ 
modate  bayonet  base  lamps  which 
are  easily  removable  from  the  front 
of  the  panel.  Features  of  the  assem- 
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bly  include  color-coded  flat  lenses 
with  etched  numbers,  letters  or 
words ;  choice  of  lens  colors  in  either 
red,  green,  amber,  blue,  yellow, 
opal,  white  or  clear ;  and  the  use  of 
half-round  lenses.  The  unit  may  be 
obtained  grounded  or  ungrounded. 

Dial  Light  Co.  of  America,  Inc., 
900  Broadway,  New  York  3,  N.  Y, 


Snap  Switch 

Miniac  designates  a  snap-action 
which  measures  it  in.  high,  lit  in. 
long,  and  ti  in.  thick.  It  is  fully  en¬ 
closed  in  a  Bakelite  case  which  con¬ 
tains  four  mounting  holes  measur¬ 
ing  A  inches  in  diameter.  Leaf- 
type  or  overtravel-plunger-type 
actuators  may  be  attached  to  the 
case  if  desirable.  Actuation  is  made 
by  a  stainless-steel  pin  plunger.  All 


parts  of  the  switch  are  non-cor¬ 
rosive  and  all  contacts  are  made  of 
silver.  The  main  and  contact 
blades  and  rolling  spring  are  made 
of  beryllium  copper.  The  switch  is 
available  in  SP,  normally  open, 
normally  closed,  and  DT  types,  and 
is  rated  at  15  amp,  115  v  a.c. 

Aero  Electric  Co.,  1316  Superior 
Ave.,  Cleveland  14,  Ohio.  ^ 


gRANSrORMERS 

Under  the  sea 


r  The  utmost  in  dependability,  accuracy 
and  ruggedness  is  an  absolute  must  where 
a  single  failure  can  end  all. 

The  finest  in  men  and  team  work,  plus 
the  best  in  modc^rn  equipment  account  for 
the  outstanding  success  and  low  losses 
of  the  United  States  Submarine  Services. 

Chicago  Transformer  is  proud  to  manu¬ 
facture  transformers  of  the  type  required 
for  these  underwater  craift. 


Rectangular  Oil-Type 
Capacitors 

A  NEW  AND  COMPLETE  line  of  rec¬ 
tangular  oil-type  capacitors  (desig¬ 
nated  as  Capacitrons  and  available 
in  types  BC,  EC  and  CC)  are  avail¬ 
able  in  standard  container  sizes  and 
in  voltage  ratings  up  to  6060  volts 
d.c.  working.  These  new’  Capaci¬ 
trons  will  meet  Army  and  Navy 
specifications,  including  total  salt¬ 
water  submersion  tests.  Capacities, 
voltage  ratings,  container  sizes, 
types  of  terminals,  and  mounting 
arrangements  are  given  in  Bulletin 
No.  104  available  from  The  Capaci- 
tron  Co.,  318  W.  Schiller  St.,  Chi¬ 
cago  10,  Ill. 
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Short  Cut  to  TURRET  TERMINALS 


CT.C.  TURRET  LUGS  fill  the  bill  when  you  want  swift,  sure,  easy-to- 
apply  terminals.  Just  swage  them  to  the  board  and  in  a  jiSy  you’ve 
got  uniform,  firm  terminals. 


These  heavily  silver  plated  TURRET  LUGS  are  easy  to  solder  to  and 
contact  is  perfect.  The  amount  of  metal  used  in  their  construction  has 
been  carefully  calculated  to  give  them  maximum  strength,  yet  not 
enough  is  used  to  draw  heat,  thus  slowing  down  the  soldering  operadon. 

No  time  lost  getting  them,  either.  TURRET  LUGS  to  fit  a  wide  range 
<j[|»  <*7  of  terminal  board  thicknesses  are  stock 

iT  rl  TV  11  items  with  us.  Just  specify  the  thickness 

JX  JX  JX  ^JjL  you  require  and  we’ll  send  them  on  their 

HMSMtBilBlRHM  vvay  to  you  in  a  hurry.  Write,  phone  or  wire 
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Time  Delay  Relay 

A  COMPACT,  TWO  CIRCUIT  time  delay 
relay,  designated  as  Type  TDSA 
and  TDSB,  which  provides  a  defi¬ 
nitely  varied  operation  of  one  cir¬ 
cuit  in  relation  to  the  second  cir¬ 
cuit.  The  relay  is  arranged  for  sur- 
fiwe  mounting  for  either  front  or 
rear  connections  and  is  especially 
designed  to  withstand  momentary 
shock  conditions. 

R.  W.  Cramer  Co.,  Inc.,  Center- 
brook,  Conn. 


Literature- 


Resistance  Welding.  Bulletin  GET- 
1189  contains  a  series  of  reprinted 
articles  written  by  R.  T.  Gillette. 
The  book  contains  sections  devoted 
to  resistance-welding  methods  and 
equipment,  the  selection  of  equip¬ 
ment  for  best  welding  results, 
welding-electrodes  and  their  main¬ 
tenance,  material  and  its  prepara¬ 
tion  for  welding,  and  a  master 
chart  of  welding  processes.  General 
Electric  Co.,  Schenectady,  N.  Y. 
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Company  Brochure.  This  booklet 
tells  of  the  development  of  Elec¬ 
trical  Testing  Laboratories,  Inc., 
a  company  which  deals  in  elec¬ 
trical  and  general  testing,  inspec¬ 
tions  and  research  of  electrical 
products.  The  name  of  the  broch¬ 
ure  is  “Independent  Laboratory 
Services.”  Electrical  Testing  Lab¬ 
oratories,  Inc.,  2  East  End  Ave.  at 
79th  St.,  New  York  21,  N.  Y. 


Company  Background  Data, 
other  brochure 


available  gives 
background  data  of  North  Ameri¬ 
can  Philips  Co.,  Inc.,  a  manufac¬ 
turers  of  Norelco  electronic  prod¬ 
ucts.  North  American  Philips  Co., 
Inc.,  100  East  42nd 'St.,  New  York 
17,  N.  Y. 


Transmitter.  A  new  100  kw  short¬ 
wave  transmitter  is 


illustrated 
and  described  in  a  4-page  folder. 
Design,  performance  and  operat¬ 
ing  features  are  included  in  this 
bulletin  entitled  “G-E  Preview  of 
a  New  100  KW  Transmitter”. 
Electronics  Dept.,  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y. 


THE  "MEGGER 


Resins  and  Plastics. 


'Geon”  resins 
and  plastics  for  calendar  and  solu¬ 
tion  processing  are  described  in 
Technical  Bulletin  PM2  which  has 
been  prepared  especially  for  those 
who  are  concerned  with  the  coat¬ 
ing  of  fibrous  material.  Tables  of 
comparative  properties,  and  a  sec¬ 
tion  on  mixing  and  milling,  calen¬ 
dering  and  solution  coating,  are 
included  in  the  bulletin.  The  B. 
P.  Goodrich  Co.,  Chemical  Div., 
Akron,  Ohio. 


The  dependability  of  the  “Megger”  Instrument  for 
measuring  electrical  insulation  resistance  is  like  the 
constancy  of  Ohm’s  Law,  on  which  principle  it  actually 
operates.  This  “Megger”  method  for  testing  insulation 
resistance  is  simple  and  remarkably  accurate.  The 
principle  is  precisely  the  same  as  it  was  forty  years 
ago  and  yet  it  meets  today’s  needs  perfectly. 

You  will  find  the  same  ruggedness  and  dependability 
in  U.S.-made  “\legger”  instruments  that  the  electrical 
industry  has  known  for  so  long  a  time. 

Let  us  send  you  full  details  on  various  types  and 
ratings.  Ask  for  Bulletin  l685-£. 


dustrial  processes.  The  house- 
organ  is  devoted  to  electronic, 
pneumatic  and  mechanical  in¬ 
strumentation.  Vol.  1,  No.  2  con¬ 
tains  several  articles  of  interest  to 
electronic  equipment  manufactur¬ 
ers.  Brown  Instrument  Co.,  a  di- 
,  vision  of  Minneapolis-Honeywell 
Regulator  Co.,  Philadelphia  44,  Pa. 


Tubular  Ceramic  Capacitors.  Bul¬ 
letin  No.  819  describes  tubular 
ceramic  capacitors  (types  920, 
23,  924,  930,  931,  932  and  933)  with 
axial  leads.  The  wire  leads  of 
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Company  Brochure.  This  booklet 
tells  of  the  development  of  Elec¬ 
trical  Testins:  Laboratories,  Inc., 
a  company  which  deals  in  elec¬ 
trical  and  general  testing,  inspec¬ 
tions  and  research  of  electrical 
products.  The  name  of  the  broch¬ 
ure  is  ’’Independent  Laboratory 
Services.”  Electrical  Testing  Lab¬ 
oratories,  Inc.,  2  East  End  Ave.  at 
79th  St.,  New  York  21,  N.  Y. 

^  Company  Background  Data.  An- 
'  other  brochure  available  gives 
background  data  of  North  Ameri¬ 
can  Philips  Co.,  Inc.,  a  manufac¬ 
turers  of  Norelco  electronic  prod¬ 
ucts.  North  Americai\  Philips  Co., 
Inc.,  100  East  42nd  St.,  New  York 
17,  N.  Y. 

Transmitter.  A  new  100  kw  short¬ 
wave  transmitter  is  illustrated 
and  described  in  a  4-page  folder. 
Design,  performance  and  operat¬ 
ing  features  are  included  in  this 
bulletin  entitled  ”G-E  Preview  of 
a  New  100  KW  Transmitter”. 
Electronics  Dept.,  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y. 

Resins  and  Plastics.  ”Geon”  resins 
and  plastics  for  calendar  and  solu¬ 
tion  processing  are  described  in 
Technical  Bulletin  PM2  which  has 
been  prepared  especially  for  those 
who  are  concerned  with  the  coat¬ 
ing  of  fibrous  material.  Tables  of 
comparative  properties,  and  a  sec¬ 
tion  on  mixing  and  milling,  calen¬ 
dering  and  solution  coating,  are 
included  in  the  bulletin.  The  B. 
(F.  Goodrich  Co.,  Chemical  Div., 
j  Akron,  Ohio. 

]  r 

I  Instrumentation  Magazine.  This  is 
the  name  of  a  new  house-organ 
published  in  the  interest  of 
measurement  and  control  of  in¬ 
dustrial  processes.  The  house- 
organ  is  devoted  to  electronic, 

I  pneumatic  and  mechanical  in¬ 
strumentation.  Vol.  1,  No.  2  con¬ 
tains  several  articles  of  interest  to 
electronic  equipment  manufactur- 
jSrs.  Brown  Instrument  Co.,  a  di- 
ivision  of  Minneapolis-Honeywell 
j  jRegulator  Co.,  Philadelphia  44,  Pa. 

Tubular  Ceramic  Capacitors.  Bul- 
iletin  No.  819  describes  tubular 

a^eramic  capacitors  (types  920, 
p23,  924,  930,  931,  932  and  933)  with 
'axial  leads.  The  wire  leads  of 
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INSULATION  nSTER 


THE  "MEGGER 


The  dependability  of  the  “Megger”  Instrument  for 
measuring  electrical  insulation  resistance  is  like  the 
constancy  of  Ohm’s  Law,  on  which  principle  it  actually 
operates.  This  “Megger”  method  for  testing  insulation 
resistance  is  simple  and  remarkably  accurate.  The 
principle  is  precisely  the  same  as  it  was  forty  years 
ago  and  yet  it  meets  today’s  needs  perfectly. 

You  will  find  the  same  ruggedness  and  dependability 
in  U.S.-made  “%legger”  instruments  that  the  electrical 
industry  has  known  for  so  long  a  time. 

Let  us  send  you  full  details  on  various  types  and 
ratings.  Ask  for  Bulletin  l685-£. 


A  and  “potential”  in  coil  B,  and 
they  are  connected  so  that  their 
respective  torques  oppose  each  other.  Since  there  are  no  con¬ 
trol  springs,  the  opposing  coils  give  a  true  ratio  of  E/I,  and 
ohms  (or  megohms)  are  indicated  directly  by  a  pointer  over 
a  scale.  The  readings  are  independent  of  the  voltage  of  the 
hand-driven  d-c  generator,  because  any  change  in  the  voltage 
affects  both  coils  in  the  same  proportion. 
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normal  Deliveries— >2  Weeks  p  o 
AAA  Orders— 48  Hours  i" 


HIGH  VOLTAGE 
CONNECTORS 


C^ci^ieA4t  SftolUfiJC^  &  Ca. 

CHICOPEE,  MASS. 


Short  Cut  to  TURRET  TERMINALS 


CT.C.  TURRET  LUCS  fill  the  bill  when  you  want  swift,  sure,  easy-to- 
apply  terminals.  Just  swage  them  to  the  board  and  in  a  jifiy  you’ve 
got  uniform,  firm  terminals. 


These  heavily  silver  plated  TURRET  LUGS  are  easy  to  solder  to  and 
contact  is  perfect.  The  amount  of  metal  used  in  their  construction  has 
been  carefully  calculated  to  give  them  maximum  strength,  yet  not 
enough  is  used  to  draw  heat,  thus  slowing  down  the  soldering  operation. 


No  time  lost  getting  them,  either.  TURRET  LUGS  to  fit  a  wide  range 
S  ■sr  of  terminal  board  thicknesses  are  stock 

9  C?  <9  •«?  items  with  us.  Just  specify  the  thickness 
H  Ji  Ji  you  require  and  we’ll  send  them  on  their 

way  to  you  in  a  hurry.  Write,  phone  or  wire 


Time  Delay  Relay 

A  COMPACT,  TWO  CIRCUIT  time  delay 
relay,  designated  as  Type  TDSA 
and  TDSB,  which  provides  a  defi¬ 
nitely  varied  operation  of  one  cir¬ 
cuit  in  relation  to  the  second  cir¬ 
cuit.  The  relay  is  arranged  for  sur¬ 
face  mounting  for  either  front  or 
rear  connections  and  is  especially 
designed  to  withstand  momentary 
shock  conditions. 

R.  W.  Cramer  Co.,  Inc.,  Center- 
brook,  Conn. 


Literature- 


Resistance  Welding.  Bulletin  GET- 
1189  contains  a  series  of  reprinted 
articles  written  by  R.  T.  Gillette. 
The  book  contains  sections  devoted 
to  resistance-welding  methods  and 
eqyipment,  the  selection  of  equip¬ 
ment  for  best  welding  results, 
welding-electrodes  and  their  main¬ 
tenance,  material  and  its  prepara¬ 
tion  for  welding,  and  a  master 
chart  of  welding  processes.  General 
Electric  Co.,  Schenectady,  N.  Y. 
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Crystal  Catalog'.  Nine  types  of 
crystals  are  illustrated  and  de- 
=!cribed  in  a  booklet  entitled 
‘Crystals  for  the  Critical”.  The 
James  Knight  Co.,  Sandwich,  Ill. 


Continental  -  Diamond  Bulletins. 
Two  bulletins  available  from  Con¬ 
tinental  -  Diamond  Fibre  Co., 
(Newark,  Del.)  include  Bulletin 
FP43  which  is  devoted  to  the  de- 
i^ign  and  fabrication  of  laminated 
and  molded  phenolic  plastics  and 
vulcanized  fibre  parts,  and  Bulle- 
lin  DN-44  which  describes  Dilec- 
tene,  a  low  loss  insulation  for  uhf 
[applications. 


rode 
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Fastener  Catalog.  A  16-page  cata¬ 
log  profusely  illustrated  with 
photographs  and  drawings  and 
describing  the  improvements  and 
uses  to  which  the  manufacturer’s 
new  Simlock  fastener  can  be  put, 
is  called  “Simlock,  the  Fastener 
of  Today  with  the  Design  of  To¬ 
morrow”.  Simlock  Div.,  Simmons 
Machine  Tool  Corp.,  Albany,  N.  Y. 
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The  Custom  Division  of  the  David  Bogen  Company  is  de¬ 
voted  exclusively  to  the  design  and  manufacture  of  special 
sound  systems.  Whatever  the  assignment  —  an  industrial 
plant,  air  field,  hospital  or  shipyard  —  each  diflF^s  ijn  con¬ 
ditions  of  noise  level,  areas  to  be  covered,  functions  and 
features  required.  The  Bogen  custom  sound  system  is  indi¬ 
vidually  designed  and  built  to  fulfill  the  requirements  of 
the  individual  job. 

To  do  the  job  in  the  right  way,  the  David  Bogen  Company 
maintains  an  engineering  staff  and  separate  construction 
Department.  The  services  of  a  field  engineer  are  available 
to  Bogen  distributors  for  making  the  sound  survey  and 
“laying  out”  the  system. 

The  War  Production  Board  hxis  relaxed  the  restrictions  on 
granting  priorities  for  industrial  sound  systems.  The  David 
Bogen  Company  is  one  of  the  limited  number  of  manufacturers 
permitted  to  expand  the  production  of  this  vital  equipment. 


Insulation  Tester.  Bulletin  No. 
135  describes  Model  B-5  Megoh- 
ner,  which  is  a  battery-vibrator 
;ype  of  insulation  tester.  The 
Herman  H.  Stricht  Co.,  Inc.,  27 
Park  Place,  New  York  7,  N.  Y. 


^adio  Components.  Sockets,  ter¬ 
minal  strips,  connectors,  plugs, 
jacks  and  fittings  are  all  described 
n  Catalog  No.  441,  available  from 
National  Fabricated  Products, 
?650  W.  Belden  Ave.,  Chicago  47, 


lelf  Tapping  Screws.  Tables,  dia- 
Tams  and  factual  data  on  the 
ubject  of  ■  P-K  Self-tapping 
Screws  is  available  in  a  handy 
isers’  guide.  Cost  of  the  booklet 
s  50  cents  and  it  is  available 
rom  Parker- Kalon  Corp.,  204 
i  arick  St.,  New  York  14,  N.  Y. 


Hmt0  Crm^lt  thm  Ajtim  ...  Mmn  Wmr  MuiuIm 


ladio  Components.  Catalog  Sup- 
ilement  No.  95  contains  a  listing 
f  a  wide  assortment  of  radio 
ind  electronic  parts.  Lafayette 
'adio  Corp.,  901  W.  Jackson  Blvd., 
hicago.  Ill. 
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these  capacitors  are  attached  par¬ 
allel  with  the  body.  Dimension 
drawings  and  a  capacity  chart  for 
the  various  temperature  cbeffi- 
cients  are  given  in  the  bulletin 
as  well  as  data  on  power  factor, 
tolerance,  voltage  rating  and  hu¬ 
midity.  •  These  capacitors  are 
mainly  for  use  in  temperature 
compensation  application  to  stabil¬ 
ize  critical  circuits,  and  in  appli¬ 
cations  where  stability  of  capaci¬ 
tance  is  especially  important. 
Centralab,  Div.,  of  Globe-Union 
Inc.,  900  E.  Keefe  Ave.,  Milwau¬ 
kee  1,  Wis. 
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.  .  .  in  Assembly  and  sub-assembly 
of  Precision  Electronic  Products 

•  Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
Assembling  Problems 


Cerium  Alloys.  “Some  Facts  About 
Cerium”  is  a  6-page  leaflet  which 
serves  as  an  introduction  to 
cerium.  The  manufacturer  states 
the  material  may  be  used, in  elec¬ 
tronic  applications  as  a  constitu¬ 
ent  Of  getters,  filament,  electrode 
and  magnetic  materials.  Cerium 
Metals  Corp.,  522  Fifth  Ave., 
New  York  18,  N.  Y. 


Tube  Characteristics.  Essential 
characteristics  of  metal,  glass, 
miniature,  cathode-ray  and  trans- 
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(Transmits  picttired  messages 
by  radio  or  wire) 


For  the  present.  Finch  manu¬ 
facturing  facilities  are  being 
devoted  to  special  radio  ap- 
paratxis  for  .  .  . 

U.  S.  SIGNAL  corn 
U.  S.  NAVY 

U.  S.  ORDNANCE  D9T. 

F.CC 
F.  B.  I. 

U.  S.  TREASURY  D^. 
and  WAR  MANUFACTURES 


"HAIR 

SPRINGS 


AN  loss  B 


FINCH 

TELECOMMUNICATIONS,  Inc; 
PASSAIC,  N.  J. 
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these  capacitors  are  attached  par¬ 
allel  with  the  body.  Dimension 
drawings  and  a  capacity  chart  for 
the  various  temperature  coeffi¬ 
cients  are  given  in  the  bulletin 
as  well  as  data  on  power  factor, 
tolerance,  voltage  rating  and  hu¬ 
midity.  *  These  capacitors  are 
mainly  for  use  in  temperature 
compensation  application  to  stabil¬ 
ize  critical  circuits,  and  in  appli¬ 
cations  where  stability  of  capaci¬ 
tance  is  especially  important. 
Centralab,  Div.,  of  Globe-Union 
Inc.,  900  E.  Keefe  Ave.,  Milwau¬ 
kee  1,  Wis. 


.  .  .  in  Assembly  and  sub-assembly 
of  Precision  Electronic  Products 

•  Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
Assembling  Problems 


Cerium  Alloys.  “Some  Facts  About 
Cerium”  is  a  6-page  leaflet  which 
serves  as  an  introduction  to 
cerium.  The  manufacturer  states 
the  material  may  be  used. in  elec¬ 
tronic  applications  as  a  constitu¬ 
ent  Of  getters,  filament,  electrode 
and  magnetic  materials.  Cerium 
Metals  Corp.,  522  Fifth  Ave., 
New  York  18,  N.  Y. 


Tube  Characteristics.  Essential 
characteristics  of  metal,  glass, 
miniature,  cathode-ray  and  trans- 


^  THE 
INSTANT  COURIER 


(Transmits  pictured  messages 
by  radio  or  wire) 


For  the  present.  Finch  manu¬ 
facturing  facilities  are  being 
devoted  to  special  radio  ap¬ 
paratus  for  .  .  . 

U.  S.  SIGNAL  corn 
U.  S.  NAVY 

U.  S.  OtDNANCf  MPT. 

P.CC 
F.  B.  L 

U.  S.  TKEASURY  DVT. 
and  WAR  MANUPACTURHtS 


SPRINGS 


FINCH 

TELECOMMUNICATIONS,  Inc: 
PASSAIC,  N.  J. 


for 
effi-  •! 


i?mitting  tubes  are  contained  in  a 
non  t  booklet  (EED-44-1).  Electronics 
Engineering  Department,  Ken- 

IRad  Tube  &  Lamp  Corp.,  Inc., 
Owensboro,  Ky. 

t  Crystal  Catalog.  Nine  types  of 
i crystals  are  illustrated  and  de- 
I  scribed  in  a  booklet  entitled 
abil-  [“Crystals  for  the  Critical”.  The 
iJames  Knight  Co.,  Sandwich,  Ill. 
)aci-  I 

iContinental  >  Diamond  Bulletins, 
nion  |x^o  bulletins  available  from  Con- 
ftinental  -  Diamond  Fibre  Co., 
i(Newark,  Del.)  include  Bulletin 
(fP43  which  is  devoted  to  the  de- 
Isign  and  fabrication  of  laminated  ^ 
^hich  molded  phenolic  plastics  and 
^  [vulcanized  fibre  parts,  and  Bulle- 
tates  DN-44  which  describes  Dilec- 
pene,  a  low  loss  insulation  for  uhf 
ititu-  lapplications. 
trode  [! 

irium  j  Fastener  Catalog.  A  16-page  cata- 
iilog  profusely  illustrated  with 
Iphotographs  and  drawings  and 
{describing  the  improvements  and 
*i  »'!ses  to  which  the  manufacturer’s 
g  ass,  Simlock  fastener  can  be  put, 
rans-  called  “Simlock,  the  Fastener 
-  liof  Today  with  the  Design  of  To¬ 
morrow”.  Simlock  Div.,  Simmons 
^Machine  Tool  Corp.,  Albany,  N.  Y. 


VIN4 


Inc; 


jinsulation  Tester.  Bulletin  No. 
435  describes  Model  B-5  Megoh- 
tner,  which  is  a  battery-vibrator 
Jtype  of  insulation  tester.  The 
Herman  H.  Stricht  Co.,  Inc.,  27 
fPark  Place,  New  York  7,  N.  Y. 


h 


adio  Components.  Sockets,  ter- 
}ninal  strips,  connectors,  plugs, 
jacks  and  fittings  are  all  described 
in  Catalog  No.  441,  available  from 
^National  Fabricated  Products, 
E650  W.  Belden  Ave.,  Chicago  47, 
111. 

^If  Tapping  Screws.  Tables,  dia¬ 
grams  and  factual  data  on  the 
subject  of  •  P-K  Self-tapping 
krews  is  available  in  a  handy 
jsers’  guide.  Cost  of  the  booklet 

Is  50  cents  and  it  is  available 
rom  Parker-Kalon  Corp.,  204 
|\'arick  St.,  New  York  14,  N.  Y. 

iadio  Components.  Catalog  Sup- 
lement  No.  95  contains  a  listing 
f  a  wide  assortment  of  radio 

tnd  electronic  parts.  Lafayette 
ladio  Corp.,  901  W.  Jackson  Blvd., 
hicago.  Ill. 
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The  Custom  Division  of  the  David  Bogen  Company  is  de¬ 
voted  exclusively  to  the  design  and  manufacture  of  special 
sound  systems.  Whatever  the  assignment  —  an  industrial 
plant,  air  field,  hospital  or  shipyard  —  each  diffys  ijn  con¬ 
ditions  of  noise  level,  areas  to  be  covered,  functions  and 
features  required.  The  Bogen  custom  sound  system  is  indi¬ 
vidually  designed  and  built  to  fujjill  the  requirements  of 
the  individual  job.  '  ' 

To  do  the  job  in  the  right  way,  the  David  Bogen  Company 
maintains  an  engineering  staff  and  separate  construction 
Department.  The  services  of  a  field  engineer  are  available 
to  Bogen  distributors  for  making  the  sound  survey  and 
“laying  out”  the  system. 

The  War  Production  Board  has  relaxed  the  restrictions  on 
granting  priorities  for  industrial  sound  systems.  The  David 
Bogen  Company  is  one  of  the  limited  number  of  manufacturers 
permitted  to  expand  the  production  of  this  vital  equipment. 


Hmlm  Crmttk  thm  Axis  Mmr^  .  .  .  Mmy  Mmrm  Wmr  Bmmtim 


Panel  Instruments.  Panel  instru¬ 
ments  with  bridge  type  construc¬ 
tion  and  with  soft  iron  pole  pieces 
are  illustrated  and  described,  to; 
gether  with  cased  models,  in  a 
16-page  folder.  0.  B.  McClintock 
Co.,  Minneapolis,  Minn. 


throi 

mica 


Luminescence.  **The  ABC  of 
Luminescence”  is  the  title  of  a 
24-page  book  which  tells  in  simple 
language  the  principles  of  lumi¬ 
nescence,  and  includes  a  discus¬ 
sion  of  the  practical  applications 
of  these  principles  in  the  form  of 
activated  fluorescent  and  phos¬ 
phorescent  pigments.  A  number 
of  simple  tables  and  charts  are 
included  to  illustrate  terms  appli¬ 
cable  to  this  particular  industry. 
The  New  Jersey  Zinc  Co.,  160 
Front  St.,  New  York  7,  N.  Y. 


IMMEDIATE  DELIVERY 

in  moderate  quantifies  from  stock 


ONLY  ANDREW 
offers  this  easy 
accessibility  for 
soldering. 

Yqu  don't  have  to  solder 
through  o  window  to  in¬ 
stall  an  ANDREW  plug 
or  jack.  Just  remove  one 
screw,  slide  the  sections 
apart  with  your  fingers 
and  solder.  This  is  a  new 
improvement  invented 
and  used  exclusively  by 
ANDREW. 
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ANDREW  coaxial  plugs  and  jacks  are  used  as  con¬ 
nectors  for  flexible  coaxial  lines,  and  fit  many  of  the 
standard  Army  and  Navy  approved  cables.  They  are 
especially  useful  where  a  simple  panel  mounting  plug¬ 
in  type  of  connector  is  required. 

Machined  from  brass  bar  stock,  these  sturdy  plugs 
and  jacks  provide  a  positive  connection  between  the 
outer  conductors  and  between  the  inner  conductors. 
Inner  conductor  contacts  are  silver  plated  to  obtain 
'maximum  conductivity.  Insulation  is  the  best  grade  of 
Mycalex.  Patch  cords  are  made  of  low-loss  flexible 
coaxial  lines  of  72  ohms  surge  impedance.  Patch  panels 
consist  of  24  jacks  mounted  on  a  19"  relay  rack  panel. 
WRITE  FOR  lUlLETIN 


SOLDIERS  ON  GUADALCANAL 
report  that  they  can  receive  some 
American  standard  broadcast  sta¬ 
tions  with  fair  regularity. 


Illuttrotion  thewt  pan*l  with  patch  cord  in  placa. 


110-VOLTS  A.  C. 

from  DIRECT  CURRENT 

with  KATOLIOHT  ROTARY  KONVERTBIS  for 
oparating  radio  and  alactronic  aqulpmant, 
moving  pictura  proiacton,  sound  apparatus, 
A.C.  appllancas.  at^ 


HERMETICALLY  SEALED 
TRANSFORMERS 


FILAMENT 

TRANSFORMERS 


22S  WATT 


CONVERTER 

Avallabla  In  sixas  110  through  2500  watts, 
IMO  and  3E00  r.p.m.  ball  bMrIng  dasigns. 
Furnish  standard  1 10-volt  M  qtcla  A.C.  from 
32,  no  or  220-volts  diract  currant.  Qulat  in 
oparatlon.  Can  ba  fumishad  with  spacial 
flltarlng  aqulpmant  for  santitlva  radio  work. 

nONinS  IN  THI  MIILDINO  OR 
SMAU  ROTAIY  CONVIRTIRS 

At  prasant  Kato's  sntlra  production  mutt  ba 
diractad  to  furnishing  convartars  on  high 
priority  ordars.  Wira  us  If  you  naad  this 
kind  of  aqulpmant  for  ordars. 

A/to  manufactunn  of  A.C.  <md  O.C.  oanaro- 
fort  ranging  from  350  wofft  through  25  K.W.; 
powar  ^anft;  Fraguancy  chcumars;  h/gh  fra- 
quancy  ganarcrfort;  ond  ftfotor  vanarutor  Soft. 

KATO  ENGINEERING  CO. 

72  ELM  ST.  MANKATO,  MINN. 


OIL-COOLED  PLATE  SUPPLY 
TRANSFORMERS 


PLATE  MODULATION 
TRANSFORMERS 
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Carrier 

Communication 

(Continued  from  page  114) 

through  0.002-/if,  high-voltage, 
mica  capacitors. 

Sigaaliiig  and  Ceatrel  Cireaitt 

Located  on  the  dispatcher’s  desk 
is  a  speech  amplifier  including  an 
oscillator  to  give  a  1000-cycle  tone. 
Amplitude  of  this  note  is  consider¬ 
ably  higher  than  that  of  the  aver¬ 
age  voice  input.  This  tone  is  used 
as  an  attention  signal.  It  is  fed 
into  the  amplifier  through  a  mo¬ 
mentary  contact  switch,  thus  en¬ 
abling  the  dispatcher  to  secure  the 
attention  of  all  crane  operators  be¬ 
fore  transmitting  orders  which 
might  apply  to  any  one  of  them. 
The  output  of  this  amplifier  is  fed 
to  the  carrier  current  transmitter 
via  a  telephone  line  which  is  sim- 
plexed.  On  the  amplifier,  a  “press- 
to-talk”  key  completes  the  circuit 
through  this  simplex  and  actuates 
a  relay  in  the  transmitter — apply¬ 
ing  plate  voltage. 

The  speech  amplifier  is  dupli¬ 
cated  in  the  transmitter  cabinet 
and  by  means  of  a  “local-remote” 
switch  can  be  used  instead  of  the 
amplifier  located  on  the  dispatcher’s 
desk.  This  allows  the  transmitter 
to  be  modulated  when  making  tests 
on  it. 

A  time-delay  relay  is  provided  so 
plate  voltage  cannot  be  applied 
simultaneously  with  filament  volt¬ 
age.  This  protects  mercury  vapor 
rectifier  tubes  in  the  event  of  in¬ 
terruption  to  the  a-c  supply  voltage. 
Plate  voltage  is  applied  to  the 
transmitter  by  means  of  the  relay 
described  previously. 

Opcratiag  Problems 

Considerable  difficulty  has  been 
experienced  with  the  contactor 
shoes  of  the  cranes.  Operation  of 
the  receiver  while  the  crane  is  in 
motion  is  not  entirely  satisfactory; 
noise  produced  by  the  arcing  of  the 
shoes  on  the  trolley  is  sufficiently 
high  to  trip  the  squelch  circuit. 
This  results  in  a  continuous  sput¬ 
tering  noise,  and  since  the  audio 
output  of  the  receiver  is  quite  high, 
this  is  very  distracting  to  the  crane 
operator.  Some  improvement  has 
been  effected  by  reshaping  the  con- 


WORLD  FAMOUS 


Use  Capacitors  by 

INDUSTRIAL  CONDENSER 
CORP. 
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SEE 


From  QUARTZ  to  QUALITY... 


C.  T.  C.  Crystals  are  Carefully  Controlled 


X-RAY  ORIENTATION  —  predetermination  of  the  crystallo¬ 
graphic  axes  to  assure  correct  cutting . . .  Four  individual  lap>- 
ping  operations,  plus  edge  lapping  .  .  .  Soap  washes  and  clear 
water  rinses  . . .  Filtered  compressed  air  drymg  . . .  insiue  the 
constant  frequency,  high  activity  and  depenoability  of  every 
C.  T.  C.  Crystal.  •  .  .  •  • . 

For  complete  information,  quotations  and  delivery  estimates 
on  C.  T.  C.  Crystals — ^''the  Crystals  you  can  count  on” — write, 
phone  or  wire  ^ < 


CAMBRIDGE  ^i&utUotUc  CORPORATION 


43f  CONCORD  AViNUi 


CAMBRIDOi  3t,  MASSACHUSETTS 


AND  LOTS  OF  IT 


★ 

Transformers 
for  Combat 


/  ^ 


J.  /  ?  '-  1 

'»  (  i 


In  Active  Service 
Over  the  Entire  Globe 


DINION  COIL  COMPANY 

CALEDONIA,  N.Y. 


STEATITE 

CERAMIC 


CHARACTERISTICS 

Specific  gravity  of  only  2.S  to  2.A 
Watar  absorption  S.  1.5-0.001  par 
cant.  Par  cant  power  factor. 

S.  1.5  to  to  cycles  was  only  0.0145. 
Dialactric  constant  at  40  cycles 
was  5.9-1000  KC  5.4. 


Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  finding  in  LAVITE 
the  precise  qualities  called  tor  in  their 
spedneations  .  .  .  high  compressive  and 

dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  adds,  and 
high  heat.  The  excedingly  low  loss-factor 
of  LAVITE  plus  its  excellent  workabili^r 
makes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

We  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFD.  COMPANY 

Main  Office  &  Works,  Chattanooga,  Tenn. 
New  York  NMilhani,  Mats.  Chieaso  Lot  AnftiM 
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FRONICS 


DISTIllATION  PRODUCTS,  INC 


Jornfly  owned  by  EASTMAN  KODAK  COMPANY  and  GENERAL  MILLS,  INC. 

ROCHESTER  13,  N.  Y. 


A  New  Miniature 
Diffusion  Vacuum  Pump 

— — ,  ;4(l-  THetai- 


*  {Continued  from  page  119) 

tics  and  minimum  tube-to-tube  vari¬ 
ations.  For  vhf  use,  the  9003  should 
prove  very  satisfactory. 

The  types  most  satisfactory  for 
resistance-coupled  voltage  ampli¬ 
fiers  with  28-volt  B  supply  are  pen¬ 
todes  and  low-mu  triodes.  High-mu 
triodes  cannot  be  used  successfully 
because  the  bias  developed  in  the 
grid  resistor  by  the  grid  contact 
potential  will  cause  the  tubes  to 
operate  at  or  near  plate  current 
cut-off.  The  cut-off  bias  of  a  triode 
is  approximately  the  ratio  of  plate 
voltage  to  mu.  For  the  type  12SQ7, 
which  has  a  mu  of  100,  the  approxi¬ 
mate  cut-off  bias  would  be  28/100, 
or  —0.28  volts. 


THE  DPI  miniature  all-metal  pump.  Type  VMF-10,  marks  an 
"  entirely  new  application  of  the  fractionating,  self -conditioning 
principle  for  the  production  of  high  vacua.  The  VMF-10  meets  the 
demand  of  industry  for  a  rugged  yet  compact  pump  capable  of 
reaching  pressures  of  10^  mm.  and  lower. 

This  unit  was  primarily  designed  for  use  on  electron  micro¬ 
scopes,  automatic  exhaust  machines,  continuously  evacuated 
tubes,  and  other  industrial  applications  where  an  inexpensive 
miniature  metal  pump  is  required.  It  wdll  be  found  useful  on  any 
system  of  moderate  size.  Choice  of  water  or  air  cooling. 


Since  the  bias  de¬ 
veloped  by  contact  potential  in  the 
grid  resistor  may  vary  from  —0.2 
to  —1.2  volts,  the  impracticability 
of  using  high-mu  triodes  is  appar- 
rent.  They  will  not  only  produce 
less  amplification  than  a  low-mu 
triode  at  28-volt  B  supply,  but  will 
produce  much  less  maximum  volt¬ 
age  output,  with  large  gain  varia¬ 
tions  between  tubes  of  a  given  tyi)e. 

28-Velt  Amplifier  Performance 

Data  on  resistance-coupled  audio 
amplifier  gain  and  maximum  out¬ 
put  voltage  (for  5  percent  distor¬ 
tion)  are  given  for  triodes  in  Table 
II,  for  three  different  values  of 
plate  load  and  following  grid  resis¬ 
tor.  Information  on  transconduc¬ 
tance,  plate  resistance,  and  mu  is 
also  given  which  will  be  applicable 
in  the  case  of  transformer  or  choke- 
fed  amplifier  stages.  Resistance- 
coupled  amplifier  data  for  several 
pentodes  is  presented  in  Table  III. 
Any  of  the  tubes  shown  in  these  ta¬ 
bles  should  prove  very  satisfactory 
in  28-volt  service,  the  selection  de¬ 
pending  on  the  gain  requirements 
and  use  of  auxiliary  diode  or  triode 
:  sections. 

It  is  probable  that  in  the  future 
tubes  designed  especially  for  low- 
^  voltage  applications  will  be  added  to 
the  many  tube  types  already  avail¬ 
able.  However,  it  appears  that  most 
f  of  the  present  standard  types  will 
prove  satisfactory,  and  the  design 
of  new  types  for  28- volt  service 
should  be  limited  to  tubes  for  appli¬ 
cations  in  which  present  standard 
types  are  not  entirely  suitable. 


CHARACTERISTICS 


.  10  L/(«c.  at  10*^  mm.  Hg. 
1  X  l&A  mm.  Hg.  wMi  Octoil-S 

. 0.125  mm.  Hg. 

. 7H  hi. 

. in. 

. 2.5  lb. 


SPEED . 

UlTtMATE  VACUUM  .  . 
REQUIRED  FOREPRESSURE 

HEIGHT . 

WIDTH . 

WEIGHT . 


IV RITE  for  details  about  this  new 
style  diffusion  pump— or  similar 
models  with  different  capacities — as 
uell  as  20  other  types  of  diffusion 
pumps,  to w-vapor- pressure  fluids, 
greases,  vacuum  gauges,  control  cir¬ 
cuits,  and  other  items  for  high- 
vacuum  technology.  Address  Vacuum 
Equipment  Division. 


METAl  FRACTIONATING  PUMP,  TYPE  VMF.10  (Wat«r-Ceol«d) 


ELECTRONICS 


PRECISIO 


►romise 


FOR  ANY  JOB-ANYWHERE 


For  a  dopondoblo  sonrco  of  olodrldty  on  projocts  romoto 
from  eommorcial  powor.  Onon  Eloctrlc  Plants  aro  proTon 
loodors  in  tho  Bold.  Moro  than  half  of  tho  Armod  Forcos* 
totol  roquiromonts  for  Powor  Plants  oro  built  by  Onon. 


GasoUno-drtron  .  .  .  Sinqlo-unlt  compact  dosiqn  .  .  .  Sturdy 
construction  ...  Suitablo  for  mobilo.  stationary  or  omor* 
goncy  sorrico. 


Oror  SS  modoia,  ranging  in  sUoo 
irom  350  to  35A)00  watts.  50  to  NO 
eycloo.  115  to  MO  Tolts.  A.C. — S  to  40M 
▼olta,  D.C. — ^Also  ducd  A.Ca — D.C.  out¬ 
put  typos. 


DoscriptiTo  litoraturo 
sont  promptly  on  roquost 


D.  W.  OMAN 
&  SONS 


3254  Boyolston  Aro. 
MINNEAPOLIS  5. 
MINNESOTA 


E  DRU! 


MRE  IPITVL 
AtollELDED'lPlRE 


NO  compromise  mithraH 
eleclrical  inlerference^W 
damage! 


jmpromise  u?ith 
Ujyiaechdnical 


OTILI]  milh  PRECISIOU  CtlETAL  SRlf 
all  three  of  these  exclusiue  features  be 


Top-flight  engineers  the  country  oner  are  reB 
amazing  qualities  and  specifying  TtlETAL  1 
IPIRE  in  their  equipment  Catalog  upon  reques 


PRECISION  TUBE  CO. 


SPECIALISTS  IN  ACCURATELY  DRAWN  TUBING  AND  METAL  SHIELDED  WIRE 
Factory:  3824  26-28  TERRACE  STREET  .  PHILADELPHIA,  PA. 

SALES  OtPT.  2  15  05  27TN  avE  BAYSIDE.  L.  I  .  N  Y 


Crystal  Testing 


(Continued  from  page  123) 
starting  time  in  a  production-type 
test  oscillator  over  the  temperature 
range.  The  crystal  must  reach  the 
minimum  acceptable  activity  within 
i  sec. 

The  full*  load  test  consists  of  op¬ 
erating  the  crystal  at  room  temper¬ 
ature  in  a  standard  test  set  for  a 
period  of  not  less  than  15  sec  with 
the  plate  circuit  of  the  set  tuned  to 
give  maximum  activity.  Crystal  ac¬ 
tivity  must  pass  a  certain  mini- 
.mum. 

In  the  vibration  test,  crystals  are 
mounted  by  the  pins  in  random  di¬ 
rections  on  the  platform  of  a  vi¬ 
bration  machine.  Units  are  sub¬ 
jected  to  a  simple  harmonic  motion 
of  a  certain  amplitude  and  fre¬ 
quency  and  left  for  two  hours.  This 
treatment  is  intended  to  simulate 
the  shock  and  jar  that  crystals  will 
receive  in  severe  service.  At  the 
end  of  two  hours,  frequency  must 
not  have  changed  more  than  0.002 
percent  and  activity  more  than  10 
percent  from  the  values  registered 
before  the  tests. 

Another  test  involves  immersing 
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tory  diroct. 


UNIVERSAL 


STROBOSCOPE 


Tbit  handy  phonograph  tumtablo  tpood  indicator, 
compUto  with  inctructivo  foldor,  it  now  enrol loblo 
grotit  to  all  phonograph  cmd  rocordor  ownort 
throw^  thoir  local  doolort  aid  |obbtrt.  At  a 
rocordor  aid  tho  Univortal  Strebotcopo  will  ottitt 
in  maintaining  pro-ww  ipiality  of  rocording  and 
roproducing  oquipnwnt  in  trim  pitch  and  tompo. 
Univortal  Microphono  Co.,  pionoor  manvfochirort 
of  microphonot  and  homo  rocording  componontt 
CM  oroli  at  Profottional  Rocording  Studio  fquip- 
moot,  toboi  thit  moont  of  rondorlng  a  torvico  to 
tho  ownort  of  phonograph  aid  rocordbig  oguip- 
mont.  Aftor  victory  it  ourt  — doaior  iholvot  will 
again  ttock  tho  many  now  Univortal  rocording 
componontt  you  hovo  boon  waiting  for. 


BRANCHES  IN  ALL  PRINCIPAL  CITIES 
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//MICROPHONE  CO. 
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sembled  and  examined.  Crystals 
are  scrubbed  with  nylon  tooth¬ 
brushes  in  soap  and  water.  Elec¬ 
trodes  and  crystal  blanks  are  then 
rinsed  in  clear  water  and  dried  by 
evaporation.  Units  are  then  reas¬ 
sembled;  at  no  time  during  the  en¬ 
tire  procedure  are  the  crystals 
touched  by  hand.  After  this,  fre¬ 
quency  should  not  change  more  than 
0.006  percent  and  activity  more 
than  10  percent. 

After  satisfactory  spot  tests, 
each  unit  is  tested  for  frequency, 
activity,  and  full  load  at  room  tem¬ 
perature.  Those  passing  are  given 
the  official  stamp  and  are  ready  for^ 
shipment. 

Effects  of  Ago 

After  the  rigid  inspection  and 
testing  procedures  through  which 
crystals  are  run  to  weed  out  the 
bad  ones,  it  would  appear  that  the 
units  should  last  indefinitely.  Yet 
crystals  often  go  dead  on  the  shelf 
before  they  are  actually  used.  These 
defections  are  due  to  a  phenom¬ 
enon  called  aging.  Caused  by  an 
action  on  the  surface  of  the  quartz, 
this  phenomenon  resembles  common 
erosion. 

Under  high  magnification,  the 
surface  of  a  crystal,  although  fin¬ 
ished  with  the  finest  optical  pow¬ 
der,  is  revealed  as  being  covered 
with  microscopic  hills  and  valleys. 
Traces  of  moisture  within  the 
holder  combine  with  changes  in 
temperature  to  cause  chipping  and 
cracking  of  these  hills.  This  raises 
I  the  frequency  of  the  crystal,  at  the 
same  time  usually  decreasing  ac¬ 
tivity.  This  is  explained  by  the 
fact  that  chipping  decreases  the 
thickness  of  the  crystal — to  raise 
the  frequency — at  the  same  time 
depositing  a  film  of  quartz  powder 
in  the  valleys — to  lower  activity. 
Thorough  cleaning  of  a  finished 
crystal  seems  to  lessen  aging. 

Another  solution  consists  of  sc¬ 
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Analysis  of  paaca-tim*  r«- 
quiramants  indicatas  a  tr«* 
mandous  Hold  for  oloctronic 
products— and  a  comparablo 
mwlt>tudo  of  production  and 
assombly  probloms. 

Tho  numorous  anginooring 
roflnemonts  of  IN-RES-CO  ro- 
sistors— products  of  spocial- 
izod,  automatic  high-spood 
winding— are  attested  to  be 
their  wide  adoption  in  com¬ 
munication  and  control  equip¬ 
ment  of  every  description. 
Type  WL,  for  example,  has 
standard  tolerance  of  1  %,  1 
watt  rating  and  a  maximum 
resistance  of  1S,000  ohms — 
yet  measures*  only  1"  long 
and  3/16''  in  diameter. 
IN-RES-CO  resistor  compo¬ 
nents— meter  shunts,  multi¬ 
pliers,  choices  and  solenoids 
—represent  an  all-inclusive 
line.  The  new  18-page  cata¬ 
log  will  be  sent  to  you  free 
on  request  on  company  let¬ 
terhead;  write  today. 


23  AMITT  SYRKT 
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and  what  you  can 


ASK  US  FOR  THE  RADIO 


AND  ELECTRONIC  COM¬ 


PONENTS  YOU  REOUIRE: 


Tubes! 

Reloysl 

Resistors! 

Capacitors! 

Transformers! 

Test  Equipment! 


Chances  are  that  we've  got  them 
right  on  our  shelves  ready  to  be 
shipped  to  you  the  same  day.  But, 
on  rare  occasions,  should  we  not 
have  what  you  want,  our  advisory 
board  can  tell  you  what  will  be 
the  most  effective  substitute.  Or.  if 
you  question  the  availability  of  a 
component,  HARVEY  can  tell  you 
the  ease  or  difficulty  you  may  an¬ 
ticipate  in  getting  it.  And  we'll  do 
everything  possible  to  trace  and 
procure  hard-to-find  radio  and 
electronic  parts  and  equipment  for 
you  anywhere  in  this  country. 


And,  we  DELIVeR 
onddnd  ta: 
LO  N  G  A  c  R  E  3-1800 
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Freetuency  (Kilocycles) 

FIG.  18 — Input  rMistonce  of  tronaionner 
with  copper,  brass,  and  steel  loads.  The 
curre  marked  Hi  is  the  no-load  resistance 


dredths  of  an  ohm  and  reactance 
values  of  a  few  tenths,  the  resis¬ 
tance  looking  into  the  primary  of 
the  transformer  may  be  several 
ohms,  while  the  input  reactance  may 
be  several  hundred  ohms. 

Measurements  of  input  resistance 
and  reactance  as  well  as  efficiency 
were  made  on  a  transformer  similar 
to  the  one  shown  in  Pig.  17.  The 
primary  consisted  of  thirty-one 
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DO  YOU 
NEED 
TRAINED 
HELP? 

For  many  years  we  have  been 
training  and  placing  men  for 
electricity,  radio,  and  elec¬ 
tronics.  Write  and  tell  us 
about  the  jobs  you  have  open. 
Whether  in  immediate  need  of 
help  or  not,  registering  your 
company  with  our  Placement 
Service  gives  you  first  choice 
of  available  National  trained 
men  in  your  vicinity. 

NATIONAL  SCHOOLS 

EttabHaked  1905 

4000  South  Figueroa  Street 
Los  Angeles  57,  California 


KELN0R“  SOLDERING  IRONS 


R(G.  U.  S.  PAT.  OFF. 


Many  of  America' ■  moat  important 
iUma  In  Radio.  Klactronica,  Air- 
crait.Tal«pkona,  Communica- 
tiona  iialda  ara  includad 
among  KELNOR'S 
SATISFIED 
USERS 


DHficun  PlacM  Easy  to  Soldar 

aritk  apaeially  daaignod  . . .  light  but 
atrong,  waldad  conatruetion,  praeiaion 
built  KELNORt  "Rarral"  of  EELNOR 
314'*  long.  H"  diamatar.  10"  ovarall 
langth.  Each  of  thraa  EELNOR  mod- 
ala. ..6S  watta.  100  watta.  12S  watta... 
WEIGHS  ONLY  8  OUNCES 


VKELNOR4E 

ELECTRONIC 
AND  RADIO  REPAIR  FIELDS 

MIDGET  RADIOS:  In  crampad  apaca  EELNOR  aiiaetivaly 
raachaa  condanaara  and  wiring  without  dangar  of  burning 
inaulation.  Connactiona  at  bottom  oi  coila  can  h*  aoldarad 
from  tha  top,  aliminating  poaaibility  of  malting- wax,  aapa- 
eially  important  in  tha  caaa  of  oacillator  coil. 

CHASSIS  WORK:  EELNOR  can  ba  dippad  into  chaaaia 
and  turnad  up  at  any  angla,  making  thoaa  awkward  connae- 
tiona  without  atriking  adga  oi  chaaaia.  No  naad  to  ramova 
top  wiring  or  condanaara. 

RELAY  RACKS:  Jointa  can  ba  aoldarad  from  aida  or  back 
without  looaaning  mounting  bolta.  EELNOR  can  raach  ovar 
top  of  ralay. 

APPROVED  BY  UNDERWRITERS  LABORATORIES 
Ordar  from  your  JOBBER.  For  mora  facta,  pricaa,  writa  Nat'l 
Salaa  Agant,  Wm.  Waaton  &  Co.,  550  Paga,  San  Franciaco  17 
OR 


aiMi  a  itaMai  nri  uaati  t.  tttu  tm 
PATENTS 
GRANTED  A 
APPUED 
FOR 


Special  KELNOR  Alloy^ 
^tendable.  Corrosive* 
Resistant  Tip 

rum  complataly  through  cantor  of 
borral.  Tip  con  ba  axtandad  3l4" 
to  rooch  out-oF-tha-woy  plocoa. 


PENCIL  TIP 

(3/16"xSV4")  For  Wire  Soldaring 


PYRAMID  TIP 

(14"dia.  hood)  for  Plata  Soldoring 


KELNOR  MANUFACTURING  COMPANY  OFFim^  CENTRAL  TOWER,  SAN  FRANCISCO  3 
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RADIO  DIRECTION  FINDERS 


By  Donald  S.  Bond 

Radio  Corporation  of  America 

287  pages,  162  Illustrations 
many  charts  and  tables,  $3.00 

For  all  concerned  with  the  de¬ 
sign,  procurement,  or  operation 
of  radio  direction  finders  for  air¬ 
craft,  shipboard,  or  fixed  station 
use,  this  book  will  fill  a  long- 
existing  need  for  a  text  and  ref¬ 
erence  covering  recent  develop¬ 
ments,  practical  systems  now  in 
use,  and  present  and  future 
trends  in  this  specialized  field. 

This  book  gives: — 

— handbook  material  on  accepted 
methods  of  direction  finder  test¬ 
ing 

— numerous  summaries  of  data — 
for  example,  data  on  the  maxi¬ 
mum  range  of  transmission  over 
a  wide  range  of  frequencies,  in 
convenient  chart  form 
— ubular  summaries  of  phase  shift 
characteristics  of  resonant  circuits 
— schematics  and  circuit  diagrams 
of  commercial  equipment  and  rep¬ 
resentative  equipment  of  other 
classifications 


The  book  includes  complete  sections  on  the 
important  subjects  of  wave  propagation,  di¬ 
rective  antenna  systems,  aural  null  direction 
finders,  performance  characteristics  of  loop 
input  circuits,  visual  direction  finders  and 
radio  navigation  aids — any  one  of  which-. 
alone  would  be  a  sought-after  and  useful 
reference. 

•  Particular  attention  is  paid  to  the  use  of  ultra- 
high  frequencies,  the  better  understanding  of 
Adcock  Systems,  the  employment  of  visual  direc¬ 
tion  finders,  and  such  other  topics  as  have  been 
required  for  improving  military  and  peace-time 
direction  finder  systems. 

Send  this  McGRAW-HILL  coupoa! 


:  McGraw-Hill  Book  Co..  330  W.  42nd  St..  New  York  18.  N.Y. 
;  Send  me  Itond’s  RADIO  DIRKCTION  FINDKRS  for  10 

•  dayx’  examination  on  approval.  In  10  daya  I  will  senil 
I  t.3.00.  pills  few  cents  postaie.  or  return  book  postpaid. 
S  t Postage  paid  on  ra.sh  orders.) 

:  Name  . 

•  Address  . 

S  City  and  State . 

■  Position  . L.  f<  44 

.  J  Compan.i  . 

■  iKouk.s  sent  on  approtai  In  U.  8.  and  Canada  only.) 


3NICS 


ELECTRONICS  — Auginf  1944 


383- 


Indu^tfiul 


PLANT  and  OFFICES: 


17  P0y#CK  AVENUE 


JERSEY  CITY  5.  N.  J. 
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celerated  aging  by  subjecting  crys-  j 
tals  to  a  series  of  hot  and  cold  I 
cycles.  If  the  temperature  treat-  I 
ment  and  a  very  thorough  cleaning  j 
are  combined,  further  aging  is  very 
slight.  The  effect  is  also  materially 
reduced  by  using  an  evacuated 
holder  or  placing  a  chemical  inside 
the  holder  to  absorb  moisture. 

Another  recent  attempt  to  pre¬ 
vent  aging  involved  coating  the 
surface  of  the  crystal  with  water 
glass  which  sets  to  a  silicate  chem¬ 
ically  similar  to  quartz.  This  fills 
up  all  the  valleys  and  excludes  air 
and  water  vapor.  However,  it  has 
been  found  that  the  material  flaked 
off  after  standing  several  months. 

One  way  to  preventing  aging  is 
to  plate  the  surface  of  the  crystal 
with  such  a  metal  as  gold  or  silver. 
This  coating,  at  the  same  time,  can 
be  used  as  electrodes  for  the  crystal 
and  has  promising  possibilities. 
The  only  difficulty  appears  to  be 
that  tarnish  appears  on  the  metal. 
If  this  difficulty  is  overcome,  per- 
j  haps  all  future  crystals  will  be 
I  plated. 

References 

(1)  Elbl.  L.  A.,  Quartz  Crystal  Cuts, 
Elgctromcb,  July  1943. 

(2)  Elbl,  L.  A.,  Quartz  Crystal  Finishing, 
Electronics,  January  1944. 


r  NEW  ^ 

D/E  DOME  TYPE  ^ 
LENS-CAP  WITH  HEAVILY 
WALLED,  DEEPLY  CUPPED 
GLASS  LENS.  SO  OUT¬ 
STANDING  THAT  A  COM¬ 
PLETE  LINE  OF  PILOT- 
LIGHTS  HAS  BEEN 
EQUIPPED  WITH  JT. 

7Are«  Modern  Units  for  Usn 
With  thn  Most  Rnadily  Obtain¬ 
able  Lamp  Bulbs 

Type  No.  590  D/E  Unit  for  use 
with  the  S6  candelabra  screw 


•  I  meeohm  U)  100.000  megohmi.  Multi¬ 
plier  ranges  of  I,  10,  100  and  1,000. 

e  Balanced  tube  circuit  and  voltage  reg¬ 
ulators  in  internal  power  supply  assure 
stability. 

e  Internal  checking  standard  enables 
operator  to  check  and  adjust  calibra¬ 
tion  at  any  time. 

e  Broad  scale  meter  dial.  Wider  than 
usual  spacing  at  high  end. 

e  One  megohm  maximum  resistance  In 
sorigp  with  condenser  or  Insulation  un¬ 
der  test.  Assures  practically  constant 
voltage  across  test  terminals.  Min¬ 
imized  tube-ground  current  effect. 
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The  No.  5M  D/E  UnH.  List  Prioo. 
(less  lamp)  $1.25. 

Specifications :  Mounting  hole. 
ameter  overall  depth,  behind  the 
front  of  the  panel  f ;  length  of 
threadetl  area  1  7/16*.  Underwrilcre' 
Approved. 

THE  No.  555  D/E  UNIT  FOR  USE 
WITH  THE  STANDARD  DOUBLE¬ 
CONTACT  BAYONET  BASE  LAMPS. 
TYPE  G6  ON  LOW  VOLTAGES. 
TYPE  S6  ON  120  VOLTS. 


Induction 

Heating 


a  Extra  charging  terminals  provided  for 
charging  condonsars  prior  to  tost. 

•  Sloping  panel  for  bench  use.  Overall 
size:  15'  X  S'  X  IIT  high. 


(Continued  frorn  page  129) 

the  terminals  of  the  coil.  Values  of 
current  and  voltage  for  an  oper¬ 
ating  power  of  100,000  watts  are 
also  shown  in  this  table.  The  cur¬ 
rent  is  far  in  excess  of  the  values 
of  tank  circuit  current  that  may  be 
obtained  so  that  it  is  virtually  im¬ 
possible  to  place  this  coil  directly 
in  the  tank  circuit. 

Oatpiit  TraNsformer 

A  transformer  that  has  been  ex¬ 
tremely  useful  in  working  into  low- 
impedance  loads  of  the  type  being 
considered  here  is  pictured  in  Fig. 
17.  This  transformer  consists  of  a 
multi-turn  primary  which  is  part 
of  the  tank  circuit  and  a  single¬ 
turn  secondary  which  is  really  a 
sheet  of  copper  wrapped  around 
the  primary  with  as  close  a  spacing 
to  the  primary  as  is  consistent  with 
voltage  requirements.  Where  the 
single-turn  coil  presents  resistance 
values  of  the  order  of  a  few  hun- 


The  Np.  555  D/E  Uult.  List  Pricp, 
(IPM  lamp)  $1.55. 

Bueciflrstioiu:  llouutlng  bole  Tl>'  di¬ 
ameter;  overall  depth,  behind  the 
front  of  the  panel  1%':  length  of 
threaded  area 


G  Type  L  Megohm  Meter  is  de¬ 
signed  particularly  for  high¬ 
speed  testing  of  condenser 
leakage  resistance,  insvdotion 
resistance,  and  insulation 
measurements  generally.  Pri¬ 
marily  a  production-test  instru¬ 
ment.  Equally  handy  in  the 
laboratory,  factory.  Operates 
'on  usual  AC  supply,  or  with  ex¬ 
ternal  battery  voltage  up  to 
1000.  Typically  an  "Industrial 
Instrument". 


THE  TYPE  T3  D/E  UNIT  FOR  USE 
WITH  THE  T3'/4  SINGLE  CONTA"'' 
MINIATURE  BAYONET  BASE 
LAMP  BULB. 


Tha  T3  0/E  Unit,  Lift  Prien,  (laM 
lamp)  $1.80. 

Bpccitlcatlonii :  Mounting  hole  11/16' 
diameter;  overall  depth  behind  the 
front  of  the  panel  1';  length  of 
threaded  area  7/16';  (our  8<’B  type 
locket). 


Oistrlbatpd  Nationally  by 
GRAYBAR  ELECTRIC 
COMPANY 

Write  for  Catalogue  . 
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A  second  citation  for 
doing  a  good  war  job  ! 


RADIO  RECEIVERS  •  AUDIO  OSCILLATORS  •  TELEVISION 
ELECTRONIC  TEST  EQUIPMENT  .  SIGNAL  GENERATORS 
PHONOGRAPHS . . .  Licensed  by  RCA  •  Hazeltine  •  Armstrong  F.  M. 


lib  4^  i  k  i  MANUFACTURING  tOMPANY,  INC. 

305  EAST  63rd  STREET,  NEW  Y6RK  21,  N.  Y.  BUTTERFIELD  B-7B00 
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SOUND  APPARATUS  CO. 

150  WEST  46th  STREET  •  NEW  YORK  19,  N.  Y. 

Manufacturers  and  Designers  of  Graphic  Recording  Instruments 


turns.  The  secondary  copper  sheet 
fed  into  a  single-turn  coil  which  en¬ 
circled  a  cylinder.  Copper,  brass  and 
steel  cylinders  were  used.  Figure  18 
shows  the  values  of  resistance  for 
the  three  cylinders  as  well  as  the' 
resistance  measured  when  no  cylin¬ 
der  was  in  the  single-turn  coil.  The 
accompanying  reactance  values  are 
shown  in  Fig.  19,  while  the  effi¬ 
ciency  curves  are  given  in  Fig.  20. 
The  efficiency  into  a  steel  load  is 
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Take,  for  Exaaple  this  Uaiqne 

xceLite 

^"Combination  Detachable"  Screwdriver 

Here's  just  one  of  the  many  XeeLite  "ideal  tools" 
for  faster,,  more  accurate  work.  The  XeeLite  "Com- 
bination  Detachable"  Screwdriver  is  actually  two  IBr^i 
screwdrivers  in  one— designed  with  a  dual  purpose 
shaft  which  fits  into  genuine  shockproof,  fire-resistant  g  if 
XeeLite  handle.  Shaft  has  genuine  Phillips  blade  at 
one  arud,  standard  blade  at  other.  Also  available  in  ^9 

STUBBY  size  (3"  overall  length).  Most  XeeLite  Tools  ll 

now  available  on  satisfactory  priorities— delivery  neces-  |  1 

sarily  delayed  by  war  conditions.  Ask  your  regular  Gj 

dealer,  or  write  Dept.  C.  Stubby 


0  500  1000  1500 

Frequency  (Kjlocyctes) 

FIG.  19 — Input  reactance  of  tronsiomw 
with  copper,  brass,  and  steel  loads.  The 
curve  marked  wJLi  is  the  no-load  reoctanee 


Orchard  Park 


QUALITY  TOOLS 
PREFERRED  BY  THE  EXPERTS 


Back  fhe  Attack 


Keep  the  War  Bends  You  Buy 


Introducing  the  new 

AIRCO  GAS  PROPORTIONER 


materials,  etc. 
It  interprets 
the  recordings 
either  in  db  or 


A  convenient,  accurate 
gas  mixing  device 

The  Airco  Gas  Proportioner  is  a  new  de¬ 
velopment,  designed  to  meet  the  needs  of 
electronic  tube  manufacturers  using  mix¬ 
tures  of  gases  for  protective  atmospheres. 
It  produces  an  accurately  proportioned 
mixture  of  gases  at  a  pressure  notin  ex¬ 
cess  of  5  psi.  Various  flowmeters  can  be 
supplied  to  permit  flows  of  hydrogen  of 
approximately  2  to  200  cfh.  and  of  nitro¬ 
gen  of  approximately  6  to  140  cfh. 

Write  to  Air  Reduction,  New  York, 
Dept.  E.  for  a  descriptive  folder. 

*  aUY  UNITID  STATES  WAR  RONDS  W 


Due  to  its 
unique  con¬ 
struction,  it  also 
can  be  success¬ 
fully  applied  to 


kYrife  for 
PL  Bulletin 


conlidence. 
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894  BROADWAY _ NEW  YORK  3,  N.  Y. 

Telephone.  ALgonquin  A  AllQ 
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T>ie  d<$Hnctiv«,  pcnctTirting  glow  of  Noon 
^  Lamps  it  enkoncod  by  fkit  "SIGNAl"  Mol 

ligkl.  Foolurot  a  fuH-view  plastic  hood  ’ 
whidi  pormits  visibilily  of  tho  glow  from  | 
oN  onglos.  Head  unscrews  from  front  of  j 
panel,  facilitating  replacement  of  lomps. '  j 

ASSUULIlt  COMniTI  WITN  LAMMs  ] 

We  can  supply  any  G.E.  or  Westinghouse  j 
Lamp  together  with  the  required  Pilot  s 
Light;  We  manufacture  a  complete  line  - 
for  every  use  in  Aircraft,  AAorine,  Radio,  I 
Electronic,  ond  Electricol  apparatus  ...  | 

Settd  sketch  for  'prompt  estimates  ond  j 
suggestions.  Write  for  Catalog.  | 


about  0.9  second.  This  factor 
should  not  be  overlooked  as  it  is 
one  relatively  fixed  limit  which  cer¬ 
tainly  must  affect  consideration  of  e 
higher  fidelity,  not  only  in  the  stu¬ 
dio  but  also  in  the  home. 


Natw 

ing  c 


I  Frequency,  Loedeest  and  Hearing 

The  ear,  the  final  cri  Union  of 
judgment,  is  also  to  be  taken  into 
account,  as  the  higher  frequencies 
can  only  be  detected  by  relatively 
young  listeners,  since  hearing  loss 
at  the  higher  frequencies  increases 
with  age.  Results  obtained  by  the 
U.  S.  Public  Health  Service  in  this 
field  (in  Bulletin  No.  5,  1938)  show 
that  above  about  2,000  cycles,  hear¬ 
ing  loss  increases  rapidly  as  a  per¬ 
son  grows  older.  For  males,  the 
average  loss  in  db  at  8192  cycles  for 
age  25  is  9  db;  for  age  S5,  16  db; 
for  age  45,  22  db;  and  for  age  55, 
32  db.  For  females  the  loss  is  con¬ 
siderably  less,  being  uniform  from 
64  to  8192  cycles  up  to  age  25,  then 
I  dropping  to  8  db  for  age  35,  to  12 
'  db  for  age  45  and  to  21  db  for  age 
'  55.  Although  few  measurements 
I  have  ever  been  made  above  10,000 


Where  ordinary  set  screws  work  loose 

USE  "UNBRAKO”  SELF-LOCKING  HOLLOW 
SET  SCREWS  WITH  THE  KNURLED  POINTS. 


Widespread  usage  has  proved  that 
the  "UNBRAKO"  HOLLOW  SET 
SCREW  with  the  knurled  point  can 
be  relied  upon  to  "stay  set"  once 
it  is  tightened  in  the  usual  way. 
Those  Knurled  Points  dig  in  and 
hold  against  vibration.  The  screws 
are  easy  to  remove  and  can  be 
re-used  again  and  again. 


Knurling  of  Sockof  Scrowi  orlglnofod 
with  "UNBRAKO"  yoars  ago. 


Fat'd.  A  Pate.  Pand.  SIzaa  #4  to 
I '/a'  dlamotar. 


Write  for  "UNBRAKO' 
Catalog  Today. 


OVER  40  YEARS  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 


JENKINTOWN.  PENNA  BO>  rTTl  BRANCHES  BOSTON  DETROIT  INDIAN  APOHS  CH  1C  AOO  ST.  iOUIS  SAN  FRANCISCO 
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Natwr*  of  tko  Workt  Designing  the  follow, 
ing  components  for  electronic  equipment: 

Power  transformers  up  to  5  kw 
Reactors 

e  Audio  transformers 

Special  filters  (for  television,  etc.) 
Tuning  systems 

R-f  coils  and  transformers  (including 
powdered-iron-core  types) 

All  of  these  positions  are  now  connected 
with  direct  war  work. 


9 
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Oeod  futwrot  These  positions  are  hot 
temporary.  Every  one  of  them  offers  a 
gooa  future  after  the  war. 

Lecofiont  At  our  Camden,  N.  J.  plant. 

Payi  Starting  rate  depends  on  your 
experience  and  ability.  Rates  are  com¬ 
parable  to  those  for  similar  positions 
throughout  the  industry. 

Sccurityi  When  you  work  at  RCA,  you  can 
be  sure  you  are  with  a  solid  organization 
— 25  years  in  the  field,  and  today  more 
progressive  than  ever.  • 

Other  Pesitiens  Availohlet  Our  engineer¬ 
ing  and  manufacturing  organizations  are 
always  looking  for  good  engineering 
talent.  If  you  do  not  qualify  for  the 
positions  listed,  but  are  interested  in  a 
good  future  at  RCA,  let  us  hear  from  you. 

WMC  Regulatieiia  will  be  strictly  followed. 
If  you  don’t  know  how  they  affect  you, 
write  us  about  yourself  and  we  will  cneck 
with  WMC  or  USES. 

WRITI  TODAYI  Don’t  wait  —  write  us 
about  yourself  right  away.  If  RCA  has  a 
position  for  which  you  qualify,  a  personal 
interview  will  be  arranged.  Address: 
Radio  Corporation  of  America,  Personnel 
,\dministration,  Camden,  N.  J. 


cycles,  indications  are  that  the  hear¬ 
ing  loss  curves  do  not  trend  up¬ 
ward! 

Program  fidelity  is  also  deter¬ 
mined  by  the  loudness  level  at  which 
the  loudspeaker  is  operated.  Curves 
in  Fig.  2  show  the  frequency'  re¬ 
sponse  of  norm^  ears  at  four  listen¬ 
ing  levels,  “normal”  ears  being 
those  of  young  people  about  20 
years  of  age.  Note  that  only  at  the 
“very  loud”  and  “loud”  listening 
levels,  100  db  and  80  db  above  the 
hearing  threshold,  respectively,  is 
the  low-frequency  response  of  the 
ear  substantially  flat.  The  decreased 
response  of  the  ear  at  50  cycles,  100 
cycles  and  200  cycles,  as  compared 
with  1,000  cycles,  is  tabulated  below 
for  four  db  levels  above  the  thres¬ 
hold  of  hearing: 

Frtquancy  (cycl«s  par  tacond) 

Condition 

Vary  Loud  (lOOdb)... 

Loud  (SOdb)  . 

Modarata  (Mdb)  .  -17 

Vary  Soft  (40db) .  -30 

In  the  case  of  the  “very  soft” 
listening  condition  the  response 
would  further  tend  to  be  obscured 
at  the  low  frequencies  by  local  air¬ 
borne  noises  as  this  listening  level 
compares  with  average  residential 
noise.  Any  decrease  of  more  thafi 
10  db  or  so  below  this  level  will  gen¬ 
erally  be  obscured  or  masked  by 
said  noise.  The  response  of  a  young 
listener  seated  at  45  deg  from  a 
radio  receiver  having  a  reasonably 


ARMY  BROADCAST 
STATION  IN  ITALY 


50 

too 

200 

1,000 

0 

0 

0 

0 

-4 

-2 

0 

0 

-17 

-II 

-4 

0 

-30 

-22 

-12 

0 

Ofiiciolly  known  as  the  Fifth  Army 
Mobile  American  Expeditionary  Station, 
this  station  is  packed  on  ten  trucks, 
trailers  and  jeeps  and  moved  to  various 
points  in  the  combat  area  in  Italy  to 
entertain  troops.  The  range  of  the  trans¬ 
mitter  is  fifty  miles 


Executives 
are  made, 
not  born! 


The  need  for  executives — for  quali¬ 
fied,  well-trained  men — is  acute! 
Their  services  are  at  a  premium. 

In  order  to  take  advantage  of  to¬ 
day’s  unusual  opportunities,  a  thor¬ 
ough  understanding  of  practical 
business  methods  and  principles  is 
.absolutely  necessary. 

The  Alexander  Hamilton  Insti¬ 
tute’s  Modern  Business  Course  and 
Service  deals  scientifically  with  un¬ 
derlying,  unchanging  fundamentals. 
Basic  and  broad  in  scope,  it  is  meant 
for  ambitious  men  who  realize  the 
value  of  understanding  all  four  im¬ 
portant  divisions  of  business  and  in¬ 
dustry— marketing,  account¬ 
ing  and  production. 

Noted  Contributors 

Among  the  noted  contributors  to 
the  Institute’s  Course  are:  Frederick 
W.  Pickard,  Vice  President  and 
Director,  E.  I.  du  Pont  de  Nemours 
&Co,;CliftonSlusser,  Vice  President, 
Goodyear  Tire  &  Rubber  Co.; 
Thomas  J.  Watson,  President,  Inter¬ 
national  Business  Machines  Corp. 

Send  For  Free  Booklet 

The  method  by  which  the  Modern 
Business  Course  and  Service  is 
brought  to  subscribers  .  .  .  the  men 
behind  the  Institute . . .  informative, 
inspirational  material  about  pres¬ 
ent-day  oppK>rtunities  in  business 
and  industry  ...  all  are  included  in 
the  fast-reading  pages  of  "Forging 
Ahead  in  Business.’’ To  obtain  your 
free  copy  of  this  valuable  book,  sim¬ 
ply  fill  in  and  mail  the  coupon  below. 

ALEXANDER 

HAMILTON 

INSTITUTE 


I 

I 

I 

I 


Alexander  Hamilton  Institute 

Dept.  162,  71  W.  23rd  St.,  New  York  10,  N.  V. 

In  Canada: 

54  Wellington  Street,  West/ Toronto  1.  Ont. 
Please  mail  me,  without  cost,  a  copy  of  the  64- 
page  book— "FORGING  AHEAD  I.N  BUSI¬ 
NESS." 


Name . 

Firm  Name . 

Business  Address. 

,  Position . 

Home  Address. . . 


ELECTRONICS  —  August  1944 


387 


A  heavy  Copper  Bus-Bar  for  panel  board 
and  terminal  assemblies  is  illustrated,  ac¬ 
curately  duplicated  in  two  planes  with 
angles  formed  both  flat  and  edge^Yise,  across 
the  materia!  horizontally  and  vertically. 

DI-ACRO  Bender  No.  2  has  a  forming 
radius  up  to  6'  and  capacity  of  cold 
roiled  solid  ste*l  bar  or  equivalent. 

S«ad  for  Catalog 
"DIE-LESS 
DUPLICATING" 

showing  all  models  of  DI- 
ARCO  Benders, 


Many  electrical  and  other 
parts  can  be  duplicated 
without  dies,  saving  Man 
Hours  and  Criticeil  Materi¬ 
als  and  helping  to  meet  rush 
delivery  schedules.  DI- 
ACRO  Precision  Machines 

—  Shears,  Brakes,  Benders 

—  form  angle,  channel,  rod, 
tube,  wire,  moulding,  strip 
stock;  bi-metals,  dielectrics, 
sensitized  materials,  fiber 
slot  insulation,  frequency 
reeds,  etc. 


*OIE-US$* 

OUPUCATINC 

:!£1St!SSi 


Shears  and 
Brakes,  and  many  examples 
of  parts  formed  by 

"DIE-LESS  DUPLieATINQ" 


leatasioii  woctmii  _ 


321  Eiqhth  Ave.  So., 
Minneapolis  15,  Mlao. 


Soldiers’  lives  and  Victories  depend  upon  the  perfect  performance 
of  communications  systems.  It  is  the  job  of  our  Test  Instruments 
to  keep  these  vital  systems  operating  at  top  efficiency. 

We  have  pledged  ourselves  to  maintain  the  standards  of  Boonton 
Radio  quality  and  dependability  in  these  instruments,  in  order 
to  safeguard  the  lives  of  our  boys  and  hasten  ultimate  Victory. 


BOONTO 


uniform  response  up  to  about  10,000 
cycles,  operated  at  a  loudness  level 
of  60  db  which  is  a  "moderate” 
listening  level,  shows  at  9000  cycles 
a  drop  of  42  db  from  the  p>eak  re¬ 
sponse  occurring  at  about  450  cy¬ 
cles.  In  the  bass  direction,  the  drop¬ 
off  in  response  increases  gradually 
from  this’  peak  to  a  value  of  26  db 
I  down  at  40  cycles. 

Thus  it  is  apparent  that  the 
higher-fidelity  receiver  should  in¬ 
clude  compensation  for  listening 
level  effects  in  the  volume  control 
“Used  with  the  receiver  to  provide 
■  uniform  loudness  at  low  fre¬ 
quencies.  This  device  could  also  be 
used  to  compensate  partially  for  the 
directivity  curve  of  the  loud¬ 
speaker,  where  adequate  distribu¬ 
tion  cannot  be  attained  in  loud¬ 
speaker  design.  As  volume  is  low¬ 
ered,  such  a  tone-compensated  vol¬ 
ume  control  will  then  discriminate 
against  the  middle  frequencies  in 
favor  of  the  low  frequencies  and,  to 
a  lesser  degree,  the  higher  fre¬ 
quencies.  The  effect  to  the  ear  will 
be  more  pleasing  reproduction  at 
the  usual  listening  levels,  which  are 
commonly  in  the  "moderate”  classi¬ 
fication. 

Other  Distortion  Factors 

The  preponderant  majority  of 
sound  systems  are  now,  and  will  be 
for  years  to  come  as  far  as  can  now 
be  visualized,  mon-aural  systems, 
whether  they  are  utilized  for  re¬ 
cordings  or  for  radio  broadcasting. 
This  fact  alone  indicates  a  funda¬ 
mental  departure  from  perfection 
because  of  the  absence  of  true  space 
consciousness  of  the  sound  sources. 

Some  other  factors  occurring  in 
the  general  high-fidelity  problem, 
such  as  random  noise  and  distor¬ 
tion,  may  also  be  mentioned.  Since 
distortion  components  are  multiples 
of  fundamental  frequencies,  and 
since  many  audio  devices,  particu¬ 
larly  recordings,  have  varying  de¬ 
grees  of  inherent  distortion,  diffi¬ 
cult  to  eliminate,  a  wider  band  will 
increase  the  effect  of  same.  This 
causes  much  of  the  upper-fre¬ 
quency  "fuzziness”  generally  in 
evidence  on  most  attempts  at  wide¬ 
band  reproduction.  The  phase  dis¬ 
tortion  introduced  by  most  sound 
systems  is  not  believed  to  be  a  seri¬ 
ous  problem,  as  the  ear  is  appar¬ 
ently  not  sensitive  to  moderate 
phase  changes.  The  phase  charac¬ 
teristics  should,  however,  be  uni- 
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PERMANENT  MAGNETS 
MANUAL 


From  many  years  experience  in  the  pro-  ^ 

duction  of  ALNICO  permanent  mapnets^ 

The  Arnold  Engineering  Company  has 
prepared  an  authoritative,  up-to-date 
manual  of  valuable  information  on  the 
design,  production  and  application  of 
the  modern  permanent  magnet. 

Contents  include  such  subjects  as  Magnet 
Materials,  Resistance  Comparisons,  Physical  and  Magnetic 
Properties,  Demagnetization  and  Energy  Curves,  Fabrication, 
Design  and  Testing.  Charts  and  tables  illustrate  and  explain 
various  aspects  of  the  discussion. 

Recent  improvements  have  opened  many  neu  fields  for  per¬ 
manent  magnets  to  reduce  the  cost  and  improve  the  efficiency 
of  many  devices. 

Write  today  for  your  copy  on  your  company  letterhead. 


147  EAST  ONTARIO  STREET.  CHICAGO  11,  ILLINOIS 
Specialists  in  the  Manufacture  of  ALNICO  PERMANENT  MAGNETS 


form.  Distortion  must  be  kept  to 
the  lowest  possible  value  and  more 
attention  should  be  directed  to  in¬ 
vestigation  and  elimination  of  cross¬ 
modulation  products  as  compared 
with  present  stress  on  the  more 
simple  harmonic  distortion  effects. 

Multi-path  effects  resulting  in 
distortion  are  observable  in  recep¬ 
tion  on  both  amplitude  and  fre¬ 
quency-modulation  systems.  This 
form  of  distortion,  when  it  occurs, 
can  be  more  noticeable  with  fre¬ 
quency  modulation,  and  this  effect 
has  been  observed  in  certain  in¬ 
stances.  It  is  possible  that  some  lis¬ 
teners  will  be  subject  to  this  distor¬ 
tion,  the  effects  of  which  increase 
with  an  extension  of  tTie  audio  range 
and  deviation.  However,  good  limit¬ 
ing  in  a  frequency-modulation  re¬ 
ceiver  should  minimize  this  form  of 
distortion. 

Random  noise  is  directly  propor¬ 
tional  to  band  width  and  any  in¬ 
crease  in  the  latter  will  increase  the 
amount  of  noise  passed.  This  im¬ 
poses  stringent  design  conditions 
on  all  the  units  in  the  line-up  and 
would  be  particularly  difficult  to 
get  and  to  maintain,  at  a  reason¬ 
able  price,  in  the  case  of  a  practical 
home  receiver. 

Standard  radio  broadcasting  is 
at  present  limited  to  an  upper  mod¬ 
ulation  frequency  of  5,000  cycles 
as  a  result  of  the  10,000-cycle  spac¬ 
ing  of  radio  channels,  but  most 
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Ea»y-le-inttall  ...  com- 
pact . . .  quiol-cunning  . . .  oconemical . . .  Ihoso 
oro  Iho  footwrot  which  mako  f  Hot  Blowors  Moot 

for  tho  important  job  of  air  circulation  and  vontilotion  in  Radio  Equipment.  Avoiloblo 
in  standard  modolt  to  mouo  from  IS  to  110  C.FJN.  Writo  for  Bulletm  507. 


SHADED  POLE”  F.H.P.  MOTORS 


Toll  ut  what  your  roquiromonts  oro  and  wo  will 
tond  you  “fact  shoots'*  giving  comploto  spocifica- 
tions  on  thoso  dopondoblo,  olficiont,  low-cost 
Motors.  For  continuous  or  intormittont  duty  with 
H.F.  ratings  ranging  from  l/l5  to  l/SOO  H.F.  and 
from  1550  to  3400  R.F.M.  Plain  round  or  with  baso 
or  rosiliont  mounting  ...  opon  or  onclosod  casos. 


F.  A.  SMITH  MFG.  CO.,  INC. 

ROCHESTER  5 


801  DAVIS  STREET 
NEW  YORK 


At  a  Base  Air  Depot  of  the  USAAF, 
Pvt.  M.  Metts  of  Chicago  examines  a 
chassis  at  the  end  of  an  inspection  line 
that  handles  3000  aircraft  radios  per 
month 
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Modfi  504‘A 
Tube  and  Set  Tetter 


Pocket  Multimeter 


Supreme 

r'Hairline  Accuracy^ 
Meter 


Military  secrecy  precludes  our 
answering  that  now.  But  radical 
new  developments  In  testing 
techniques  have  been  and  are 
being  perfected.  Because  of 
these  important  advances,  when 
Victory  comes  your  NEW 
Supreme  Test  Equipment  will  be, 
more  than  ever,  "Supreme  By 
Comparison." 


studio  equipment  and  transmitters 
are  capable  .of  transmitting  up  to 
10,000  cycles  or  higher.  However, 
satisfactory  reception  with  this 
wide  band  is  not  generally  possible 
in  the  evening  because  of  "monkey 
chatter"  from  adjacent-channel  sta¬ 
tions,  so  that  a  restriction  in  fre¬ 
quency  response  in  the  receiver  is 
in  such  case  actually  desirable. 

Whether  or  not  we  can  make  full 
use  of  a  complete  audio  spectrum 
depends,  in  the  Anal  analysis,  upon 
the  ability  of  the  manufacturers  to 
provide  receivers  which  will  satis¬ 
factorily  reproduce  the  lower  fre-' 
quencies.  Only  when  this  is  pos¬ 
sible  in  the  average  marketable  re¬ 
ceiver  can  we  make  full  use  of  the 
higher  portions  of  the  frequency 
spectrum  and  can  refer  to  the  sys¬ 
tem  as  one  of  higher  fidelity.  The 
average  price  of  a  broadcast  re¬ 
ceiver  in  1940,  of  which  many  mil¬ 
lions  were  sold,  was  about  $35,  and 
at  this  price  satisfactory  reproduc¬ 
tion  of  50  to  15,000  cycles  is  not  to 
be  expected.  It  must  be  stressed 
that  power-handling  facilities  in  all 
models  were  quite  limited  at  the 
lower  frequencies  due  to  loud¬ 
speaker  design,  so  that  the  lower 
limits  indicated  in  Fig.  1  do  not 
actually  have  the  full  meaning  im¬ 
plied. 

Rccomniaadatioiis 

In  an  appeal  to  common  sense 
and  practicability  in  the  matter  of 
fixing  an  audio  band  width  for  re¬ 
ceiver  it  is  suggested  that  the  range, 
from  60  to  8,000,*  or  possibly  50  to 
10,000  cycles  be  considered  for  all 
types  of  broadcasting,  including 
frequency  modulation.  There  is  lit¬ 
tle  question,  in  the  opinion  of  those 
who  have  devoted  their  lives  to  the 
problems  of  sound  reproduction, 
that  gdbd  reproduction  over  a  prac¬ 
tical  band  will  provide  a  better  serv¬ 
ice  to  the  listener  than  one  of  con¬ 
troversial  and  indefinite  quality 
over  a  theoretically  complete  audio 
spectrum.  Our  efforts  should  be  di¬ 
rected  towards  the  provision  of  a 
balanced  system  of  reproduction  as 
fine  as  we  can  possibly  design  and 
build  it,  rather  than  solely  toward 
extending  the  upper  frequency  lim¬ 
its  beyond  10,000  cycles  with  the 
possible  neglect  of  other  more  im¬ 
portant  factors.  It  is  especially 
stressed  that  reproduction  at  the 
lower  frequencies  be  investigated 
and  improved,  because  it  is  in  this 
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UNDER  THIS  GLASS 
PASS  ONLY 


fjVERT  Auburn  molded  part  is 
subjected  to  a  critical  inspection, 
though  not  always,  as  here,  under 
high  magnification.  But  where  such 
a  minute  inspection  means  the  dif¬ 
ference  between  continuous  and 
interrupted  assembly  operations  in  I 
your  plant  you  can  be  sure  it  will 
get  that  inspection. 

It  is  knowledge  of  where  to  put 
the  emphasis  that  makes  Auburn 
molded  service  so  valuable.  You 
can  be  sure  that  your  requirements 
in  molded  plastics  will  get  this  same 
individual  study.  Every  step  in  the 
production  of  your  parts,  from  the 
engineering  department  to  the  ship¬ 
ping  room,  gets  the  attention  it  re¬ 
quires  so  that  molded  parts  will 
meet  your  specifications. 

If  you  are  considering  the  use 
of  plastics  in  your  products,  consult 
Auburn.  Our  engineers  can  provide 
the  facts  on  which  to  make  your 
decision. 
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12  WEST  BROADWAY  •  NEW  YORK  CITY  7 

Telephone  —  WOrth  2-6276  •  Coble  —  Harrisorad 


Thousands  of  Carter  Products  ore 
faithfully  providing  dependable,  effi¬ 
cient  service  in  leading  communications 
equipment  all  over  the  globe.  Send  for 
latest  Catalog  of  CARTER  PRODUCTS  Today. 


ILLINOIS  CONDENSER 
COMPANY 

1160  NORTH  HOWE  STREET 
CHICAGO  10,  ILLINOIS 


direction,  the  direction  of  balance 
as  compared  with  present  trends, 
that  we  can  best  provide  what  un¬ 
biased  observation  and  listeners’ 
preference  demands. 

How  can  publicizing  and  creating 
a  demand  for  15,000-cycle  receivers 
or  systems  be  possibly  justified, 
when  a  good  10,000-cycle  receiver 
that  can  be  made  available  to  the 
greater  part  of  the  public  has  not 
yet  been  designed?  For  the  sake 
of  technical  integrity  and  the  fu¬ 
ture  of  the  radio  industry  let’s  get 
down  to  earth  in  the  matter  of  high 
fidelity.  We  are  faced  with  the  pros¬ 
pect  of  a  post-war  era  in  which  it  is 
very  likely  that  many  claims  for 
new  materials,  techniciues  and  over¬ 
all  improvements  will  face  the  spot¬ 
light  of  public  test — and  fail.  Let 
us  not,  therefore,  in  our  enthusi¬ 
asm  make  claims  that  are  too  diffi¬ 
cult,  if  not  impossible,  to  realize. 
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Nixon,  Assistant  Development  En¬ 
gineer  and  C.  A.  Rackey,  Audio- 
Video  Facilities  Engineer. 
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Plug-in  capacitors  with  a  wide  range 
of  Toltagee  and  capacities  are  one  of 
the  many  different  paper  and  elec¬ 
trolytic  capacitors  manufactured  by 
the  Illinois  Condenser  Company.  This 
unit  is  hermetically  sealed  and  built 
to  operate  under  the  severest  condi¬ 
tions.  We  also  manufacture  con¬ 
densers  for  special  applications  with 
a  wide  temperature  range  of  from 
— 50°  C  to  -|-85°  C  and  from  one 
Tolt  to  500  Tolts  D.C.  working  on  the 
electrolytic  types. 
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Transients 


(Continued  from  page  139) 


age  can  be  expressed  as  a  sinusoidal 
voltage  which  is  the  sum  of  the 
three  sinusoidal  voltages  across  the 
circuit  elements.  Therefore  the 
shapes  pf  the  current  and  voltage 
waves  are  identical,  except  for  the 
amplitude  and  a  phase  displacement 
indicated  by  the  j  terms. 

Since  the  instantaneous  value  of 
the  impressed  voltage  varies  sinu¬ 
soidally  with  time  and  has  a  phase 
displacement  (which  we  shall  desig¬ 
nate  as  <f>),  the  impressed  voltage 
may  be  written  as 


e  >3  £m  sin  (w(  +  4t)  (17) 

where  £■«  is  the  maximum  or  am¬ 
plitude  value.  Comparing  Eq.  (16) 
with  Eq.  (17)  it  is  evident  that 


-  (juL  +  R^j-^^U 


(18) 


Each  of  these  component  voltages 
can  be  considered  to  be  generated 
by  means  of  a  rotating  vector,  all 
vectors  of  which  rotate  at  the  same 
angular  velocity.  By  means  of  such 
a  vector  diagram,  it  is  easy  to  show 
that 


<t>  ™  tan 


(19) 


Graphical  Raprasaafatio*  of  Wav* 
Foroit 


The  curves  of  Fig.  4  represent 
the  current  and  voltage  of  a  series 
circuit  with  sinusoidal  current  flow¬ 
ing  through  it.  Curve  A  represents 
the  current  which  flows  through 
the  circuit.  Curve  B  represents  the 
voltage  across  the  resistor  R.  Curve 
C  represents  the  voltage  across  in¬ 
ductance  L,  and  curve  D  represents 
the  voltage  across  capacitor  C.  The 
voltage  impressed  across  a  series 
circuit  consisting  only  of  R  and  L 
in  which  the  sinusoidal  current,  t, 
flows  is  shown  at  E,  while  curve  F 
represents  the  voltage  across  a 
series  circuit  consisting  only  of  R 
and  C.  Curve  G  represents  the 
idealized  case  in  which  there  is  no 
resistance  in  a  series  circuit  con¬ 
sisting  of  L  and  C.  Curve  H  repre¬ 
sents  the  voltage  impressed  across 
R,  L,  and  C  through  which  a  sin¬ 
usoidal  current  flows.  By  means 
of  the  graphical  addition  employed 
in  deriving  curves  D  to  H,  the  de¬ 
pendence  upon  the  magnitude  of 
the  circuit  constants  of  shift  in 
phase  between  impressed  voltage 
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and  current  may  be  easily  visual¬ 
ized. 

The  curves  of  Fig.  4  provide  vis¬ 
ual  indication  that  for  linear  cir¬ 
cuits  in  which  the  current  is  sinu¬ 
soidal,  the  voltage  drops  and  the 
applied  voltage  have  the  same  gen¬ 
eral  form  as  that  of  the  current. 
Similarity  of  wave  forms  results 
from  the  peculiar  property  of  sine 
waves  which  makes  their  derivative 
and  integral  of  the  same  shape  as 
the  given  sine  wave,  except  for 
phase  displacements.  This  state  of 
affairs,  which  greatly  simplifies  the 
study  of  alternating  current  theory, 
does  not  exist  in  general.  If  waves 
of  other  shape  had  been  employed, 
this  state  of  affairs  wbuld  not  exist. 
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Graphics  for  NoM-SiMMseidal  Waves 

There  is  no  end  to  the  variety  of 
wave  shapes  which  might  be 
treated,  but  there  is  little  need  to 
analyze  more  than  a  few  simple  and 
typical  wave  forms  in  order  to  il¬ 
lustrate  the  essential  behavior  of 
circuits  with  non-sinusoidal  wave 
forms.  Accordingly,  discussion  will 
be  limited  to  a  graphical  treatment 


This  book  presents  a  ocnnpleto  explanation  of  the  rarlous  types  of 
cathode-ray  tubes  and  what  role  each  element  within  the  derloe. 

More  thsin  hllf  the  book  la  deroted  to  the  practical  appUcationa  of 
the  cathode-ray  tube  oecHlograph.  Not  one  word  of  thla  waa  arrltten 
until  the  actual  teats  were  performed  and  the  patterns  appearlnc  on 
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Laboratory  maintained  by  the  author,  hare  been  used  to  Illustrate  this 
sectkon  of  the  book,  so  that  the  reader  may  know  Just  what  Imafe  he 
should  see  under  any  given  circumstances. 

'Riis  book  has  proved  Its  value  to  students  as  well  as  practical 
workers. 
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I  of  square  waves,  triangular  waves, 
saw-tooth  waves,  trapezoidal  waves 
and  exponential  waves,  as  well  as 
the  sine  waves  which  have  already 
been  treated.  The  analysis  of  the 
exponential  wave  is  included  be¬ 
cause  it  is  the  only  wave  variation 
in  which  all  voltage  and  current 
wave  forms' are  identical,  except  for 
scale  factor.  There  is  not  even  a 
phase  shift,  as  in  the  case  of  sine 
waves.  Because  of  this  remarkable 
condition,  exponential  functions  are 
of  great  theoretical  and  practical 
importance,  and  much  use  will  be 
made  of  exponential  functions  when 
transients  are  treated. 

Sqaar*  Waves 

Next  consider  the  case  in  which 
the  current  flowing  through  a  series 
circuit  may  be  represented  by  a 
square  wave  as  shown  in  Fig.  5.  In 
this* and  all  following  cases,  the 
original  curve  will  be  differentiated 
and  integrated  by  graphical  meth¬ 
ods  alone.  Curve  A  of  Fig.  6  repre¬ 
sents  the  current  flowing  in  a  series 
circuit,  while  curve  B  represents 
the  voltage  across  a  resistor  in 
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which  the  current  flows.  To  obtain 
the  voltage  across  an  inductor, 
curve  A  of  Fig.  5  must  be  differenti¬ 
ated  (that  is,  its  slope  at  all  points 
must  be  ascertained)  and  the  re¬ 
sult  multiplied  by  L. 

The  slope  of  curve  A  is  zero  at  all 
points  except  the  points  of  transi¬ 
tion.  At  these  points  the  slope  is 
theoretically  infinite  if  the  sides  of 
the  original  wave  shape  are  truly 
vertical.  In  practice,  the  slope  has 
a  finite  value  and  is  so  indicated  in 
curve  C  of  Fig.  5.  Curve  C  repre¬ 
sents  the  voltage  across  an  inductor 
through  which  a  square-wave  cur-  I 
rent  flows.  Curve  P  represents  the  | 
voltage  across  a  capacitor  C  through 
which  the  square  wave  of  current  ' 
flows  and  is  therefore  proportional 
to  the  area  under  curve  A.  Note 
that  the  wave  shapes  of  curves  C 
and  D  do  not  resemble  that  of  the 
original  curve  A,  nor  do  they  resem¬ 
ble  one  another. 

In  order  that  a  square-wave  cur¬ 
rent  may  flow  through  the  circuit} 
the  wave  form  of  the  applied  volt¬ 
age  will  now  depend  upon  the  con¬ 
figuration  of  the  circuit  network. 
If  the  series  circuit  is  composed  of, 
resistance  and  inductance,  curve  E 
(which  is  the  sum  of  waves  B  and 
C)  represents  the  wave  form  of  the 
voltage  required  to  produce  the  re¬ 
quired  square  wave  of  current. 
Likewise  curve  F  is  the  voltage  re¬ 
quired  to  produce  a  square  wave  of 
j  current  in  an  RC  circuit.  If  the 
,  circuit  consists  only  of  inductance, 
j  L,  and  capacitance,  C,  the  required 
voltage  wave  shape  is  given  by  the 
sum  of  curves  C  and  D,  shown*  as 
curve  G.  The  curve  at  H  repre- 
!  sents  the  voltage  wave  required  in 
an  ELC'circuit  to  produce  a  square 
,  wave  of  current,  but  the  type  of 
time  variation  will  be  as  indicated. 
This  example  tends  to  illustrate  one 
very  important  point.  Whereas  a 
harmonically  varying  current  is 
produced  by  an  applied  voltage 
which  is  also  harmonically  varying, 

I  identity  of  voltage  and  current  wave 
I  forms  does  not  exist  in  general.  It 
I  is  for  this  reason  that  attention 
j  must  be  given  to  the  wave  forms  of 
j  a  number  of  more  important  ele- 
■  mentary  circuits  and  current  wave 
1  shape. 

Trapcxoidal  Waves 

If  we  assume  that  the  current 
wave  shape  is  trapezoidal,  as  shown 
in  curve  A  of  Fig.  6,  then  the  volt- 
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age  across  a  resistor  will  take  the 
form  shown  in  curve  B.  The  volt¬ 
age  across  an  inductance  in  which 
a  trapezoidal  current  flows  is  com¬ 
posed  of  interrupted  rectangular 
pulses  as  shown  at  curve  C.  A 
trapezoidal  current  flowing  through 
a  resistor  will  give  rise  to  the  sym¬ 
metrical  but  somewhat  jagged  wave 
form  shown  in  curve  D. 

As  before,  we  may  add  the  volt¬ 
ages  in  curves  B,  C,  and  D  to 
determine  the  required  voltage 
impressed  across  various  types  of 
simple  series  circuits  in  order  to 
produce  a  trapezoidal  wave  form  of 
current.  Curve  E  represents  the  re¬ 
quired  voltage  for  an  RL  circuit, 
curve  F  represents  that  for  an  RC 
circuit,  and  the  required  voltage 
impressed  across  a  circuit  consist¬ 
ing  of  inductance  and  capacitance 
without  resistance  (an  ideal  case) 
is  represented  by  curve  G.  If  all 
three  circuit  elements  are  present, 
the  required  voltage  wave  form  is 
shown  at  H.  Curve  H  represents  the 
voltage  across  an  RLC  series  circuit 
in  which  a  trapezoidal  wave  form  of 
current  flows.  Again,  none  of  the 
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Frame  Distortion  under  conditions  of  high  accel¬ 
eration  is  one  of  the  greatest  foes  of  stability  of 
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effectively  overcome  this  problem  of  frame  distor¬ 
tion  by  utilizing  a  box  type  construction,  rather 
than  resorting  to  sheer  mass  of  heavy  parts. 
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qf  these  relays  on  a  vibration  table  under  strobo¬ 
scopic  lighting.  Write  for  literature 
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voltage  wave  forms  resemble  the 
wave  form  of  the  current. 

Similar  reasoning  may  be  applied 
to  the  other  wave  shapes  in  Fig.  7, 
8,  and  9.  In  each  case,  the  analysis 
is  similar  to  that  already  developed 
and  no  new  fundamental  concepts 
are  required. 


Expoamtiol  Fancfion 

As  shown  in  Fig.  9,  an  interest¬ 
ing  special  case  is  obtained  if  the 
original  wave  form  is  part  of  an 
This  is  the 


exponential  function, 
only  function  which  is  (except  for 
the  scale  factor)  identical  in  form 
with  its  derivative  and  also  its  in¬ 
tegral.  Because  of  this  fact,  all  volt¬ 
age  waves  have  the  same  general, 
shape  as  that  of  the  current.  There¬ 
fore  curves  of  the  same  general 

matter 
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VACUUM  TUBE  VOLTMETER 


shape  are  obtained 
whether  we  measure  the  voltage  ap¬ 
plied  to  the  circuit  as  a  whole,  the 
voltage  across  any  combination  of 
elements,  or  the  current  flowing 
through  the  circuit. 

The  method  employed  in  this  ele¬ 
mentary  analysis  may,  of  course,  be 
extended  to  other  types  of  wave 
shapes.  It  is  believed,  however, 
that  a  sufficient  number  of  exam¬ 
ples  has  been  given  to  illustrate 
fundamental 
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WEIGHT:  Approximately  six  pounds*.  PRICE:  $135.00  f.o.b.  Boonton,  N.  J. 
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some  of  the  more 
physical  steady-state  concepts  en¬ 
countered  when  dealing  with  linear 
electric  circuits  having  non-sinu- 
soidal  wave  forms. 

Although  the  graphical  methods 
have  been  explained  in  terms  of 
series  circuits  in  which  a  current  of 
known  wave  form  flows,  the  analy¬ 
sis  is  equally  applicable,  through 
the  principle  of  duality,  to  parallel 
circuits  to  which  a  known  voltage 
wave  form  is  applied.  In  this  case 
curves  marked  A  represent  the  im¬ 
pressed  voltage,  while  curves  B,  C, 
and  D  represent  the  currents  in  R, 
C,  and  L  branches  respectively. 
Curves  E,  F,  and  G  then  represent 
the  total  current  taken  from  the 
generator  for  parallel  RC,  RL,  and 
LC  circuits,  respectively.  The  cur¬ 
rent  for  a  circuit  composed  of  ideal 
R,  L,  and  C  elements  in  parallel  is 
shown  in  curve  H,  These  results  are 
irue,  in  each  case,  for  the  different 
A  ave  forms  shown  in  Fig.  4  to  9. 
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'ormation  of  Non-Sinasoidol  ReeurroNf 
Wavos 

We  have  seen  that  the  steady- 
tate  responses  of  linear  electric 
ircuits  to  non-sinusoidal  wave 
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1  forms  are  more  difficult  to  express 
than  those  in  which  the  wave  forms 
are  sine  or  cosine  waves.  Further¬ 
more,  while  we  have  simple  trig¬ 
onometric  expressions  which  en¬ 
able  us  to  express  the  sinusoidal 
time  variation  of  a  voltage  or  cur¬ 
rent  with  great  simplicity  and  ease, 

I  we  have,  in  general,  no  equally  sat- 
I  isfactory  method  of  obtaining  ana¬ 
lytical  expressions  for  non-sinusoi- 
dal  wave  forms.  It  has  been  pos¬ 
sible  to  show  these  wave  forms 
graphically,  of  course.  However,  if 
we  wish  an  analytical  expression 
for  those  wave  forms,  it  will  be 
necessary  to  break  each  wave  form 
down  into  its  fundamental,  recur¬ 
rent  cycles.  In  some  cases  (as  in 
all  of  those  selected  for  treatment 
here,  except  the  wave  of  Fig.  3 
which  does  not  include  a  complete 
period  or  cycle)  it  is  possible  to 
1=^  break  down  the  wave  still  further, 

I  expressing  each  segment  as  a  sin-  | 
gle-valued  continuous  function  of  , 
time.  Several  expressions,  one  for  ' 
each  segment,  will  then  be  required 
to  specify  the  wave,  and  we  must 
find  some  means  of  expressing  the 
fact  that  these  wave  segments  re¬ 
cur  at  cycle  intervals.  With  this 
procedure,  the  problem  is  always  | 
messy,  lacks  generality,  and  is  dif-  | 
ficult  of  application.  | 

It  can  be  shown  (see  any  text  on  | 
Fourier  series)  that  any  recurrent  i 
wave  form  can  be  expressed  as  a  i 
series  of  simple  sine  waves  of  ap¬ 
propriate  amplitude,  frequency,  ; 
and  phase.  Hence,  it  is  possible  to  j 
build  up  any  of  the  recurrent  waves  I 
shown  here  (among  others)  by  | 
means  of  sine  waves  which,  we 
found,  were  the  simplest  to  handle. 
The  manner  in  which  saw-tooth  i 
and  square  waves  may  be  construe-  , 
ted  of  a  series  of  sine  waves  is  il¬ 
lustrated  in  Fig.  10.  1 

Frequently  a  non-sinusoidal  wave 
form  requires  an  infinite  number  of 
sinusoidally  varying  terms  to  ex¬ 
press  the  desired  wave  shape  ex¬ 
actly.  But  sufficiently  good  approxi¬ 
mations  to  the  desired  wave  shape 
may  also  usually  be  obtained  with 
a  finite  number  of  terms  since  the 
terms  of  higher  harmonics  usually 
have  small  amplitude  and  conse¬ 
quently  make  little  contribution  to 
the  wave  shapes.  Hence,  by  includ¬ 
ing  a  sufficient  number  of  terms,  we 
can  approach  the  desired  wave  form 
as  closely  as  we  like.  The  frequency 
of  the  last  term  retained  in  the 
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The  stage  is  set!  Sud¬ 
denly,  shattering  the  ^hushed 
calm,  hell  breaks  loose.  Sharp  orders 
issue  clearly  from  directional  loud  speakers 
— and  infantrymen  hit  the  beach  on  the 
double,  eventually  to  take  another  enemy 
base.  Everything  must  dovetail  .  .  .  must 
be  unfailing!  Atlas  Sound  Speakers  are  beach¬ 
head  veterans.  Let  Atlas  personnel  get  vet¬ 
eran  performance  into  your  line. 
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series  indicates  the  highest  fre-  | 
quency  for  which  the  communica¬ 
tion  system  should  be  designed. 

*  We  may  summarize  the  impor- 
'tant  conclusions  as  follows: 

1.  For  linear  circuit  elements,  the 
fundamental  voltage-current  rela¬ 
tions  (given  in  Table  I)  are  the 
general  ones  employed  when  deal¬ 
ing  with  transient  or  non-sinu- 
soidal  steady-state  wave  forms. 

2.  In  general,  the  wave  forms  of 
steady-state  voltages  and  currents 
in  linear  electric  circuits  do  not  re¬ 
semble  one  another,  except  that  all 
have  the  same  period  or  time  in¬ 
terval  of  periodic  variation. 

8.  For  the  special  case  of  sinusoi¬ 
dal  waves,  the  general  derivatives 
and  integrals  of  Table  I  are  re¬ 
placeable  by  terms  involving  fw. 

4.  For  the  special  case  of  ex¬ 
ponential  wave  form,  all  voltage  and  i 
current  forms  are  alike. 

5.  The  graphical  methods  used  in 
this  article  have  aimed  to  provide 
a  basis  for  understanding  the  fun¬ 
damental  phenomena,  rather  than 
for  obtaining  numerical  values  of 
current  and  voltage. 
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G-C  VISUAL  ALIGNMENT  SIGNAL  GENERATOR 


—  used  in  conjunction  with  a  cathode- 
ray  oscilloscope  for  alignment  of  radio 
frequency  tuned  circuits.  Particularly 
suitable  for  production  testing,  re¬ 
search  and  development  on  i-f  ampli¬ 
fiers  —  and  for  many  other  kinds  of 
laboratoi^  and  production  work. 

Because  of  the  wide  vari^y  of  uses 
possible,  this  versatile  instrument  is  a 


great  time-saver  where  reliable  and 
rapid  results  are  desired. 

Other  units  in  the  new  General 
Electric  line  of  laboratory  measuring 
instruments  include:  G-E  power  sup¬ 
plies,  wave  meters,  wide  band  oscil¬ 
loscopes,  square  wave  generators. 
Electronics  Dept.,  General  Electric 
Co.,  Schenectady,  N.  Y. 
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Shop  Job  Sheets  in  Radio;* 
Book  I — Fundamentals 

By  Rc«ert  N.  Auble,  Instructor  in 
Radio,  Arsenal  Technical  Schools,  In¬ 
dianapolis,  .The  Macmillan  Co.,  New 
York,  19 UU,  ISJ^  pages  8i  » stze, 
punched  for  standard  binder  and  with 
cardboard  covers,  price  $1.50. 

Thirty  job  sheets,  designed  to 
provide  a  practical  working  knowl¬ 
edge  of  the  electrical  fundamentals 
of  radio  when  used  by  instructors 
'having  access  to  a  variety  of  good 
textbooks  and  having  well-equipped 
shops  for  students.  The  jobs  are  a 
distinct  improvement  over  the  aver¬ 
age  experiments  found  in  textbooks. 

Each  job  starts  with  a  list  of  its 
objectives  and  specific  page  refer¬ 
ences  to  such  textbooks  as  Everitt’s 
Fundamentals  of  Radio,  Henney's 
Principles  of  Radio  and  Radio  En¬ 
gineering  Handbook,  Ghirardi’s 
Radio  Physics  Course,  RCA's  Tube 
Manual,  etc.  Topics  for  classroom 
discussion  before  the  shop  work  are 
then  listed  in  two  groups,  one  on  re- 
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lated  knowledge  and  the  other  on 
related  skills.  Numbered  steps  tell 
what  to  do  and  provide  spaces  for 
recording  results  or  answering 
questions.  Blank  tables  are  printed 
for  tabular  data  in  many  cases,  and 
blank  graphs  are  provided  when 
results  are  to  be  plotted.  Optional 
added  procedures  are  often  given. 
Finally,  careful  selected  and  worded 
questions  test  the  student’s  under¬ 
standing  of  the  principles  involved, 
with  spaces  again  being  provided 
for  writing  the  answers  in  the  book. 
Some  of  the  questions  are  of  the 
missing-word  tyi)e,  which  simpli¬ 
fies  the  work  of  the  instructor  who 
must  grade  each  student’s  book, 
regularly. 

The  first  five  job  sheets  cover 
soldering,  wiring,  chassis  drilling, 
use  of  circuit  symbols,  checking 
continuity  and  replacing  defective 
parts.  The  next  five  deal  with  mag¬ 
netism.  No.  11  covers  laws  of  elec¬ 
tric  charges;  three  are  on  funda¬ 
mental  measurements  and  three 
more  on  measuring  instruments, 
while  two  deal  with  Ohm’s  law.  In¬ 
duced  currents  and  the  transformer 
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straight  wire  as  a  guide  (in  an  iso¬ 
tropic  medium),  the  theory  of  the 
skin  effect  for  poorly  conducting 
wires,  the  problem  of  oscillatory 
motion  of  a  sphere  in  a  viscous 
medium,  the  vibration  of  a  heavy 
chain  in  a  resisting  medium,  and 
in  many  other  boundary  value 
problems. 

In  spite  of  their  great  impor¬ 
tance  in  theory  and  application, 
Bessel  functions  have  scarcely  been 
tabulated  for  complex  arguments. 
Aside  from  tables  for  purely  imag¬ 
inary  arguments  and  for  argu¬ 
ments  in  the  form  rVi,  Hayashi’s 
short  tables  of  Jo (2)  and  Ji{z)  are 
the  only  ones  in  existehce.  To  meet 
the  need  for  more  adequate  tables, 
these  functions  are  tabulated  in  the 
present  volume  for  argument- 
points  defined  in  polar  coordinates. 
Along  each  of  the  rays  =  0“,  5®,. . . 
90®,  ten-place  values  of  the  real  and 
imaginary  parts  of  /o(2)  and  7i(«) 
are  given  for  moduli  ranging  from 
0  to  10  at  intervals  of  0.01. 

•  •  • 

Fundamentals  of  Radio 

Communications 

By  Austin  R.  Frey,  Lehigh  Uni¬ 
versity,  Longmans  Green  &  Co.,  New 
York,  S9S  pages,  $U.OO,  19UU. 

This  small,  compact  volume,  in¬ 
tended  to  “present  in  as  concise  a 
form  as  possible,  the  fundamental 
principles  of  radio  communication” 
provides  an  introduction  to  the 
principles  of  radio  for  those  fa¬ 
miliar  with  calculus.  Since  the  en¬ 
tire  scope  of  radio  communication 
is  covered  in  400  pages  or  less,  each 
topic  is  developed  rapidly  and  it  is 
impossible  to  provide  an  exhaustive 
treatment  of  any  topic. 

The  9  chapter  headings  deal 
with:  (I)  Resonant  Circuits,  (II) 
Thermionic  Emission  and  Diodes, 
(III)  Grid  -  Controlled  Vacuum 
Tubes,  (IV)  Voltage  Amplifiers, 
(V)  Power  Amplifiers,  (VI)  Oscil¬ 
lators,  (VII)  Modulation  and  De¬ 
modulation,  (VIII)  R-F  Transmis¬ 
sion  Lines,  and  (IX)  Radiation. 

For  the  most  part,  concepts  of 
ultra  high-frequency  operation  are 
omitted.  There  is  no  treatment  of 
wave  guides  or  electromagnetic 
horns,  and  only  very  brief  mention 
of  some  of  the  more  recently  de¬ 
veloped  uhf  oscillators.  A  section 
on  transients  which  appears  in 
Chapter  VI  is  introduced  by  a  dis- 
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take  three  ^ob  sheets;  No.  23  is  on 
the  use  of  the  wire  gauge,  No.  24 
on  coil  winding,  and  No.  25-  on 
building  a  crystal  set.  Two  cover 
capacitance,  one  deals  with  a.c.,  No. 
29  is  Construction  of  an  Audio 
Oscillator,  and  No.  30  is  Action  of 
a  Rectifier  Tube.  — 

The  book  is  highly  recommended 
for  use  in  radio  shop  classes. — j.m. 
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Jo(z)  ami  Ji(z) 

WPA  Mathematical  Tables  Proj¬ 
ect,  conducted  under  Sponsorship  of 
National  Bureau  of  Standards.  Pub¬ 
lished  by  Columbia  University  Press, 
Momingside  Heights,  New  York  27, 
N.  Y.,  19^3,  U06  pages,  $5.00. 

Bessel  functions  of  orders 
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zero 

and  one  are  encountered  in  the  gen¬ 
eral  solution  of  boundary  value 
problems  arising  in  the  theory  of 
potential,  heat  conduction,  and  wave 
motion,  when  the  domain  is 
bounded  by  a  circle  or  a  circular 
cylinder.  In  particular,  they  occur 
in  the  problem  of  propagation  of 
electromagnetic  waves  with  a 
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tion  of  a  quantitative  concept  of 
radio  communication. 

The  volume  can  be  recommended 
as  an  introductory  volume  for  those 
who  possess  training  in  science  or 
general  engineering  but  are  not  fa¬ 
miliar  with  the  principles  of 
radio. — B.D. 


Principles  of  Powder 
Metallurgy 

By  Franz  Skaupy,  Philosophical  Li¬ 
brary,  Inc.,  15  E.  UOth  St.,  New  York; 

80  pages,  price  $3.00. 

This  translation  of  what  appar¬ 
ently  was  originally ‘a  German  r.e- 
port  on  developments  in  powder 
metallurgy  was  written  when  the 
author  first  recognized  the  im- 
portahce  of  the  method  in  the 
manufacture  of  bearings,  cutting 
tool  tips,  and  machine  parts.  It  is 
based  on  previous  successful  appli¬ 
cations  to  electric  lamp  filaments, 
electrical  contact  points,  anodes  for 
x-ray  tubes,  magnet  cores,  and 
small  crucibles. 

The  book  is  written  from  a 
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cussion  of  spark  transmitters.  It 
seems  unfortunate  that  this  type  of 
transmitter  is  not  permitted  to  die 
its  natural  death.  Throughout, 
emphasis  is  placed  on  fundamental 
principles  rather  than  on  com¬ 
mercial  practice. 

The  physical  interpretation  of 
the  operation  of  radio  circuits  is 
well  done  and  only  a  moderate 
amount  of  mathematics  is  used.  For 
the  most  part  the  mathematical  de¬ 
rivations  are  rather  concise  and 
compact.  On  page  219  an  error  oc¬ 
curs  in  the  expansion  of  sinh  /3t  as 
>0.  Although  the  expansion  is 
incorrectly  carried  out,  the  final  re¬ 
sult,  for  the  current  in  an  RL  cir¬ 
cuit  for  critically  damped  condi¬ 
tions,  is  correctly  given. 

The  volume  is  certainly  more  ad¬ 
vanced  than  the  practical  texts  on 
radio  which  aim  to  present  only  a 
qualitative  descriptive  picture  of 
communications.  But  it  is  not  suf¬ 
ficiently  elaborate  or  exhaustive  to 
be  a  text  or  reference  for  the  com¬ 
munications  engineer.  As  the 
author  states,  the  main  feature  of 
this  book  is  its  compact  presenta- 
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laboratory  research  point  of  view, 
describing  first  the  production  of 
metal  powders  and  their  proper¬ 
ties,  then  the  production  and  prop¬ 
erties  of  powdered  metal  or  “cera^ 
mic  metal”  parts  with  and  without 
binding  agents.  Particular  atten¬ 
tion  is  given  to  the  metals  tungs¬ 
ten,  molybdenum,  and  tantaluui 
and  relatively  little  to  bearing 
metals  and  powdered  iron  parts. 

The  discussion  of  methods  is 
largely  confined  to  laboratory 
technique  and  methods  but  contains 
details  of  manufacturing  procedure 
that  are  not  found  in  other  books 
and  technical  publications.  The 
language  is  often  more  scholastic 
in  tone  than  that  of  an  industrial 
metall  u  rgist. — M  .G.  v. 


Whereve 

CowbB 


20th  Century  Engineering 

• 

By  C.  H.  S.  Tupholme,  Philosophical 
Library,  15  E.  40th  St.,  New  York, 
N.  Y.,  1944,  201-xi  pages,  price  $3. 

Achievements  of  the  past  decade 
in  many  branches  of  engineering 
are  briefly  explained  in  this  book, 
with  emphasis  on  British  develop¬ 
ments  since  the  author  is  British 
and  the  book  was  written  in  Eng¬ 
land.  The  author’s  aim  was  to 
select  and  digest  a  number  of  inter¬ 
esting  engineering  developments 
for  the  benefit  of  engineers  and 
members  of  the  armed  forces  who 
wish  to  keep  abreast  of  what  has 
been  happening.  However,  be¬ 
cause  it  was  written  two  or  three 
years  ago  many  of  the  most  recent 
developments  that  one  would  look 
for  are  missing. 

Chapters  cover  mechanical 
power,  shop  processes,  air  condi¬ 
tioning  and  refrigeration,  chemi¬ 
cal  and  metallurgical  engineering, 
electric  engineering,  traction, 
marine  engineering,  aircraft  and 
physics.  Engineers  who  are  inter¬ 
ested  in  European  developments  in 
engines  and  power  systems  will 
find  the  opening  chapter  helpful. 
The  section  on  shop  processes  is 
limited  chiefly  to  oxy-acetylene  cut¬ 
ting  and  hardening,  chromium 
plating  to  extend  life  of  tools  and 
parts  and  to  build  up  worn  parts, 
precision  machining  and  finishing, 
and  methods  of  inspection  and 
testing. 

The  chapter  on  chemical  and 
metallurgical  engineering  covers 
plastics,  a  gas  hyper-compressor  for 
(Continued  on  page  412) 
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WANTED 

PHYSICISTS  and 
ELECTRICAL  ENGINEERS 

Needed  in  connection  with  the  manufac¬ 
ture  of  a  wide  Tariety  of  new  and  ad- 
I  Tanced  types  of  communications  equip- 
*  ment  and  special  electronic  products. 
Openings  for  Electrical  Engineers  crrcdl- 
able  in  St.  Paul,  Minn.,  Eou  Claire,  Wise., 
and  Chicago.  Apply  or  write,  giring  full 
qualifications  and  furnish  snapshot. 

D.L.R.— Employment  Dept. 
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WANTED 

BEVELOPMENT  ENGINEERS 

Mechanical  and  electrical.  Graduate  or 

equivalent  training.  Required  for  develop¬ 
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1.  Electro-mechanical  devices,  communi¬ 
cation  systems.  Must  be  interested 
in  development  and  familiar  with 
magnetic  circuits. 

2.  Measuring  and  control  instruments. 
Background  should  be  in  electrical 
engineering,  including  electronics. 

Statement  of  Availability  Required. 
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Wo  want  men  who  have  the  "know  how" 
of  getting  things  done  under  pressure,  and 
who  would  like  to  become  associated  with 
a  company  whose  post-war  future  is  in¬ 
deed  encouraging. 

Reply  giving  age,  education,  and  experi¬ 
ence  to  our 

INDUSTRIAL  RELATIONS 
DEPARTMENT 
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ELECTRICAL 

MECHANICAL 

ELECTRONIC 


There  ia  cm  excellent  opportunity  for 
I  several  men  in  our  comparatively 
small  organization  lo(xited  in  the  Mid¬ 
west.  Our  plcmt  is  now  devoted  en¬ 
tirely  to  war  work,  but  we  have  ex¬ 
tensive  post-war  plans  and  large  re- 
sourcee. 


Our  staff  knows  of  this  advertisement, 
so  have  no  hesitancy  in  writing.  Give 
complete  information  of  education,  ex¬ 
perience,  age,  salary  desired,  and 
telephone  number. 

P  684  Electronics 

520  North  Michigan  Ave.,  Chicago  II,  111. 


Long  established  mid-western  manufacturer  of 
electrical  equipment — electro-magnetic  relays  —  sol¬ 
enoids — switches — selling  principally  to  manufactur¬ 
ers  in  the  following  industries: 


Automotive 
Form  Equipment 
Radio 
Aircraft 

Industrial  Controls 


Man  selected  for  this  position  must  have  sufficient 
engineering  knowledge  of  our  products  <3nd  their 
uses  to  be  able  to  discuss  them  intelligently  with 
engineers;  to  visualize  potential  markets,  to  suggest 
new  prcxiucts,  and  developments. 


Progresaive  New  York  Electronic  Man¬ 
ufacturing  Company  ia  now  aeeking 
additional  peraonnel.  Require  two  (2) 
tranamitter,  five  (5)  receiver  and  two 
(2)  apeoial  equipment  engineera,  aa 
well  aa  four  (4)  draftamen  and  two  (2) 
laboratory  techniciana. 


Write,  giving  complete  resume  of 
post  experience,  salary  desired  etc.  to 


SW-693,  Electronics.  520  North  Michigan  Ave.,  Chicago  11.  Ill. 


Thia  ia  not  a  "Duration"  program. 
Peraonnel  of  proven  capabilitiea  aa- 
aured  a  poat  war  poaition.  compar¬ 
able  current  atatua.  Tranaportation 
will  be  paid  to  New  York.  Salariea 
commenaurate  with  experience  and 
ability  and  current  earninga.  All  nego- 
tiationa  confidential.  Addreaa  replies  to 


280  BROADWAY  NEW  YORK,  N.  Y. 


ELECTRONICS.  SUITE  41 1 


RADIO 

EXECUTIVE 

Medium  size  midwest  ra¬ 
dio  -  electronics  manutac-  | 
turer  seeks  assistant  chief 
engineer  capable  of  wider 
responsibilities.  Salary 
open.  All  queries  confi-  I 
dential.  Write  j 

I 

P-688,  Electronics 

520  N.  Michigan  Ave..  Chicago  11.  Ill. 


G-E  Safety  Door 
Interlock  Switch 


making  nitrogen  for  ammonia, 
alumimu'm,  magnesium,  stainle:!8 
steel,  lead-bearing  steel,  the  Linde- 
weld  process  of  gas  welding,  recent 
types  of  electric  welding,  electro¬ 
magnetic  crack  detection,  radio- 
graphic  examination  of  metals,  in¬ 
duction  hardening  and  controlled- 
atmosph’ere  heat  treai.iiig,  the 
Dewey  process  for  forming  metal 
tubing  and  electroforming. 

The  photoelectric  cell  and  some 
recent  uses,  fluorescence  and  fluo¬ 
rescent  lighting,  infrared  baking 
of  flnishes,  electric  feeler  control, 
automatic  interlocking  control  for 
moving  bridges  and  automatic  con¬ 
trol  of  processing  operations  are 
included  under  electrical  engineer-^ 
ing. 

Many  types  of  military  aircraft 
and  their  features  and  equipment 
are  described  in  the  aircraft  chap- 
tef,  but  all  of  the  models  have  now 
been  superseded.  No  mention  is 
made  of  the  de  Havilland  Mo¬ 
squito,  a  110-percent  British  de¬ 
veloped  and  manufactured  plane. 
Only  two  pages  are  devoted  to 
physics,  covering  the  electron 
microscope,  ultrahigh-speed  X-ray 
photography  and  the  chloral  hy¬ 
drate  treatment  for  restoring 
burned  documents.  Radar  is  given 
two  paragraphs  at  the  end  of  the 
aircraft  discussion. — k.s.p. 


Write  for  Color  Card, 
Samples  and  Prices 


yliow  to  Pass  Radio  License 
laminations 

By  Charles  E.  Drew,  John  Wiley  & 
Sons,  Inc.,  New  York,  Second  Edi¬ 
tion,  19JtU,  S20  pages,  price  $S.OO. 

A  REVISED  VERSION  of  the  collection 
of  answers  to  some  1300  questions 
in  the  FCC  Study  Guide.  Discus¬ 
sion  material  has  been  added  in 
small  type  after  some  answers  to 
clarify  reasons  for  answers.  New 
material  includes  data  on  operation 
of  circuits  to  provide  maximum  fre¬ 
quency  stability  in  transmitters 
and  extra  data  on  modulation,  os¬ 
cillators,  classes  of  ampliflers  and 
rectifier  power  supplies.  The  six 
chapters  of  the  book  correspond  to 
the  six  elements  in  FCC  exaihina- 
tions :  Basic  radio  laws ;  basic 
theory  and  practice ;  radiotele¬ 
phone;  advanced  radiotelephone;  ra¬ 
diotelegraphy;  advanced  radioteleg¬ 
raphy.  The  new  edition,  like  its  pre¬ 
decessors,  provides  a  valuable  and 
efficient  means  of  refreshing  theo- 
rectical  knowledge  in  preparation 
for  the  examinations. — J.M. 


Open  the  door  and  the  power’s 
off!  Prevents  accidents,  pro¬ 
tects  equipment.  Will  not  fail 
mechanically.  For  complete 
details,  write : 


GENERAL  ^  ELECTRIC 


WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 


Zophar  ofFers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


St.  Brooklyn,  N.  Y. 

FOUNDED  1846 
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